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PREFACE 
T h i s  c o l l a b o r a t i v e  paper  i s  based on a  meet ing h e l d  a t  IIASA 
i n  November 1980. The meet ing was p a r t  o f  a  sequence  o f  d i s cus -  
s i o n s  a r r an g ed  by IIASA i n  con junc t i on  w i t h  t h e  P o l i s h  Academy of  
S c i e n c e s  and t h e  P o l i s h  Mining I n d u s t r y .  A p r e v i o u s  meet ing had 
been h e l d  a t  Szczyrk ,  Poland i n  November 1979, and t h e  proceed- 
i n g s  a r e  a v a i l a b l e  a s  IIASA Working/Col labora t ive  Pape r s ,  WP-80-140, 
CP-80-23, and CP-80-24. These c o a l  i n d u s t r y  mee t ings  were p a r t  o f  
a  r e s e a r c h  program a t  IIASA under t h e  g e n e r i c  t i t l e  " I s s u e s  f o r  
t h e  E i g h t i e s "  i n  which sys tems a n a l y s t s  and managers from a  g ive n  
i n d u s t r y  m e t  t o  exchange i d e a s  and i n f o r m a t i o n ,  a s  w e l l  a s  t o  ex- 
p l o r e  and develop a  s t r a t e g y  o f  u s ing  sys tems a n a l y s i s ,  r a t h e r  
t h a n  u s i n g  i t  merely  a s  a  t o o l  t o  be b rought  i n  f o r  c e r t a i n  w e l l -  
d e f i n e d  problems.  
The s u b j e c t  ' P l an n i n g  f o r  P lann ing '  was used a s  a  sho r tha nd  
t o  e x p l o r e  t h e  use of  sys tems a n a l y s i s  i n  t h e  p l ann ing  o f  new 
c a p a c i t y  f o r  deep mining i n  h a r d  c o a l .  The d i s c u s s i o n s  were 
a t t e n d e d  by 17 r e p r e s e n t a t i v e s  f o r  7  c o u n t r i e s ,  and 13 pape r s  
were p r e s e n t e d  o r  t a b l e d  a t  t h e  meet ing.  These a r e  reproduced 
s e p a r a t e l y  a s  IIASA C o l l a b o r a t i v e  Paper CP-82-80. 
T h i s  p ap e r ,  which summarizes t h e  d i s c u s s i o n ,  s t r u c t u r e s  t h e  
p l a n n i n g  p r o c e s s  and d i s c u s s e s  t h e  p l a c e  o f  sys tems a n a l y s i s  wi th-  
i n  i t .  I t  a l s o  p r e s e n t s  a  s t a t e - o f - t h e - a r t  accoun t  o f  t h e  u s e s  
o f  sys tems a n a l y s i s  f o r  major  inves tment  p l ann ing  i n  t h e  c o a l  
i n d u s t r y ,  and i n d i c a t e s  a r e a s  f o r  f u t u r e  r e s e a r c h .  The summaries 
have been p repared  i n  c o n j u n c t i o n  w i t h  B i l l  Hancock and Mike 
S a d n i c k i  o f  t h e  O p e r a t i o n a l  Research E xecu t i ve ,  Na t i ona l  Coal  
Board, UK. 
J a n u a r y  1983 
Rol fe  Tomlinson 
Chairman 





CHAPTER II--RESERVES ASSESSMENT 
1 .  INTRODUCTION 
2. THE ESTIMATION FROM GIVEN EXPLORATION 
3. DESIGN OF EXPLORATION 
4. THE CALCULATION OF RESERVES 
5. SUMMARY AND CONCLUSIONS 
REFERENCES 
CHAPTER III--MINING METHODS: EVALUATION 
1 . INTRODUCTION 
2. PROBLEM AREAS 
3. SYSTEMS ANALYSIS TECHNIQUES USED 
3.1 Descriptive Models 
3.2 Simulation Models 
3.3 Operational Gaming--Hand Simulation 
3.4 Optimization 
4 .  COMBINING PROBLEM AREAS 
4 . 1  T h e  N e c e s s i t y  t o  C o m b i n e  
4 . 2  A c h i e v e m e n t s  of S y s t e m s  A n a l y s i s  
5. SUMMARY AND CONCLUSIONS 
REFERENCES 
CHAPTER IV--COMPARI SON O F  ALTERNATIVE TECHNOLOGIES 
( I n  p a r t i c u l a r  NEW TECHNOLOGIES)  
1 .  INTRODUCTION 
2 .  ENGINEERING/TECHNOLOGICAL ASSESSMENT 
3. SYSTEM C O M P A T I B I L I T Y  ASSESSMENT 
4 .  ECONOMIC ASSESSMENT 
4 . 1  S i m u l a t i o n  
4 . 2  G e n e r a l  E c o n o m i c  A p p r a i s a l  
4 . 3  T h e  P r o b l e m s  of U n c e r t a i n t y  
5. GROWTH RATE ASSESSMENT 
6 .  SUMMARY AND CONCLUSIONS 
REFERENCES 
CHAPTER V--FINDING T H E  B E S T  M I N I N G  SOLUTION 
( T a k i n g  U n c e r t a i n t y  I n t o  A c c o u n t )  
INTRODUCTION 
2 .  NATIONAL APPROACHES 
2 . 1  FRG 
2 . 2  Poland 
2 . 3  UK 
2 . 4  U S S R  
3. D I F F I C U L T I E S  ENCOUNTERED 
3 . 1  I n t e r r e l a t i o n s h i p s  
3 . 2  U n c e r t a i n t y  
3.3  D e c i s i o n  C r i t e r i a :  E l i m i n a t i o n  of 
A l t e r n a t i v e s  ( V a r i a n t s )  
4 .  SUMMARY AND CONCLUSIONS 
REFERENCES 
CHAPTER VI--ENVIRONMENTAL FACTORS AND T H E I R  RELATIONSHIP 
TO THE BEST MINING SOLUTION 
1 . INTRODUCTION 
2 .  INDIVIDUAL ENVIRONMENTAL I S S U E S  
3 .  THE IMPACT ON THE ENVIRONMENT AS A WHOLE AND I T S  
RELATIONSHIP TO ECONOMIC BENEFITS  
4 .  SUMMARY AND CONCLUSIONS 
REFERENCES 
CHAPTER VII--SUMMARY AND CONCLUSIONS 
RESERVES ASSESSMENT 
MINING METHODS : EVALUATION 
COMPARISON OF ALTERNATIVE TECHNOLOGIES 
FINDING THE BEST MINING SOLUTION 
ENVIRONMENTAL FACTORS AND T H E I R  RELATIONSHIP TO THE 
BEST MINING SOLUTION 
REFERENCES AND L I S T  OF PAPERS PRESENTED 
APPENDICES: A - - T e n t a t i v e  A g e n d a  
B - - L i s t  of P a r t i c i p a n t s  
NB: R e f e r e n c e s  w i t h o u t  a preceding  l e t t e r ,  e.g. ,  [ 2 1  refer t o  
-
a paper given a t  t h e  T a s k  F o r c e  Meeting and are l i s t e d  a t  
t h e  end of t h e  paper. R e f e r e n c e s  w i t h  preceding l e t t e r s ,  
e .g . ,  ( B 3 ,  D 5 ,  e t c . )  are given  a t  t h e  end of t h a t  respec- 
t i v e  chapter .  

CHAPTER I-- INTRODUCTION 
T h i s  i s  a  p ap e r  ab o u t  p l ann ing  i n  t h e  c o a l  i n d u s t r y .  P lan-  
n i n g  i s  a  word which may be  g iven  a  v a r i e t y  o f  i n t e r p r e t a t i o n s - -  
even w i t h i n  a  s i n g l e  c u l t u r e .  I t  may r e f e r  t o  t h e  d e t a i l e d  analy-  
sis o f  an i n v es t m en t  p r o p o s a l ,  an  o p e r a t i n g  p l a n  f o r  a  c o l l i e r y ,  
a  f i n a n c i a l  p l a n  o r  budge t  f o r  a  group o f  c o l l i e r i e s ,  o r  a  grand 
s t r a t e g y  f o r  t h e  d e t e r m i n a t i o n  o f  o v e r a l l  p o l i c y .  P lann ing  is 
b o t h  a  r o u t i n e  ac t i v i t y - - u nde r t aken  acco rd ing  t o  p rede te rmine2  
r u l e s  and t i m e  schedules--and a  d i s c r e t i o n a r y  a c t i v i t y ,  r e l y i n g  
on t h e  i n t u i t i o n  and a c q u i r e d  s k i l l  o f  t h e  e x p e r t .  A l l  b u t  t h e  
most e lementa ry  o r g a n i z a t i o n a l  a c t i v i t i e s  have t o  be  planned--for  
t h e  c o o r d i n a t i o n  o f  i n d i v i d u a l  e f f o r t ,  t h e  making a v a i l a b l e  of  
n e c e s s a r y  r e s o u r c e s ,  t h e  i d e n t i f i c a t i o n  o f  a  common a im--a l l  o f  
them n e c e s sa r y  f o r  a  s u c c e s s f u l  and economic outcome--have t o  be  
t h o u g h t  o f  ahead,  assumpt ions  ana lyzed ,  s chedu l e s  p r e p a r e d ,  checks  
on p r o g r e s s  se t  down, e x p e r t s  coo rd ina t ed .  I n  f a c t ,  t h e  p l ann ing  
of  any major  p r o j e c t  o r  e n t e r p r i s e  i s  i t s e l f  an  ex t remely  complex 
p r o g r e s s  which, by d e f i n i t i o n ,  r e q u i r e s  p l ann ing ,  i . e . ,  t h e  p lan-  
n i n g  must i t s e l f  be  p lanned.  Hence o u r  t i t l e .  
More p a r t i c u l a r l y  s t i l l ,  t h i s  i s a p a p e r  abou t  t h e  use  of  sys-  
t e m s  a n a l y s i s  i n  p l an n i n g .  Systems a n a l y s i s  i s  a  way o f  s t u d y i n g  
complex s i t u a t i o n s ,  which i s  i n t e r d i s c i p l i n a r y ,  a p p l i e d  and i n t e -  
g r a t i v e .  I t  sets o u t  t o  d e f i n e  a ims,  e v a l u a t e  a l t e r n a t i v e s ,  
e x p l o r e  r e l a t i o n s h i p s .  I t  is  t h u s  h a r d l y  s u r p r i s i n g  t h a t  it 
a p p e a r s  a s  a  a d j u n c t  t o  p l a n n i n g  more o f t e n  t h a n  a lmost  any o t h e r  
human a c t i v i t y .  Indeed,  i n  t h e  c o a l  i n d u s t r y ,  sys tems a n a l y s i s  
i s  used i n  a l m o s t  e v e r y  a s p e c t  d f  planning--as t h i s  paper  w i l l  
r e v e a l .  But t h e  main t h e s i s  o f  t h i s  pape r ,  based  on e x p e r i e n c e ,  
i s  t h a t  t h e  r e l a t i o n s h i p  between sys tems a n a l y s i s  and p l ann ing  
must go deeper  t h a n  t h i s .  I f  p l ann ing  must be p lanned,  t h e n  sys-  
t e m s  a n a l y s i s  h a s  a  major  p a r t  t o  p l a y  i n  t h a t  p lann ing .  Fu r the r -  
more t h e  use  of  sys tems ana ly s i s - - a  complex human ac t i v i t y - -nee ds  
t o  be p lanned a s  p a r t  o f  t h e  p l ann ing  f o r  p lann ing .  These s t a t e -  
ments a r e  n o t ,  o f  c o u r s e ,  t r u e  o n l y  f o r  t h e  c o a l  i n d u s t r y  t h e y  
apply t o  a l l  i n d u s t r i e s  which engage i n  e x t e n s i v e  planning.  In- 
deed IIASA has  a l r e a d y  done work t o  show t h e  va lue  of  t h e  concept 
i n  t h e  f o r e s t  and f o r e s t  p roduc ts  i n d u s t r y ,  and o t h e r s  could be 
c i t e d .  The l e s s o n s  s e t  o u t  h e r e  a r e  widely a p p l i c a b l e .  
The p a r t i c u l a r  a s p e c t  of  c o a l  i n d u s t r y  p lanning  t h a t  w e  cover  
i n  t h i s  paper i s  t h e  p lanning  o f  new deep mine c a p a c i t y  f o r  c o a l  
product ion.  The paper  i s ,  i n  p a r t ,  a  s t a t emen t  of t h e  s t a t e  of 
t h e  a r t  s o  f a r  a s  t h e  use of systems a n a l y s i s  and o p e r a t i o n a l  
r e s e a r c h  i n  t h e  deep c o a l  mining i n d u s t r y  i s  concerned.  A s  impor- 
t a n t l y ,  however, it s t r u c t u r e s  t h e  o v e r a l l  problem and p o i n t s  t h e  
way ahead a s  a  guide f o r  t h e  f u t u r e .  
The concept  of forward p lanning  i s  n o t  one t h a t  has  r e c e n t l y  
been imposed on t h e  i n d u s t r y - - i t  h a s . l o n g  been deeply  embedded i n  
t h e  t h i n k i n g  o f  t h e  c o a l  mining i n d u s t r y .  For t h i s ,  t h e r e  is  one 
ove r - r id ing  reason-- that  it i s  an e x t r a c t i v e  i n d u s t r y .  I t  i s  n o t  
p o s s i b l e  t o  cont inue  producing t h e  same product  from t h e  same 
p l a c e  wi th  t h e  same machines, yea r  in--year o u t .  Once c o a l  i s  
e x t r a c t e d ,  it i s  gone. Every succes s ive  day one i s  mining a  d i f -  
f e r e n t  p i ece  o f  c o a l  wi th  s l i g h t l y  d i f f e r e n t  c h a r a c t e r i s t i c s  from 
what went before .  I n  t h r e e  months t i m e ,  t h e  c o a l  f a c e  may have 
h i t  a  f a u l t  o r  t h e  t h i c k n e s s  o f  t h e  seam halved and a l l  c o n t i n u i t y  
l o s t .  Because of  g e o l o g i c a l  problems, t h e  f u t u r e  i s  always uncer- 
t a i n ,  and one must l a y  p l ans  accord ing ly .  Every c o l l i e r y  has  both  
o p e r a t i n g  p l ans  and i t s  development p l ans ;  every  group o f  co l -  
l i e r i e s  has  long t e r m  p lans  based on e s t i m a t e s  o f  t h e  market,  
f i nance  and r e sou rce  a v a i l a b i l i t y ,  t e c h n o l o g i c a l  development. 
The i n d u s t r y  i s  f u l l  of  p l anne r s ,  and has  g r e a t  need of  them. 
And t h e i r  work needs t o  be planned. 
Ope ra t iona l  Research and Applied Systems Analys i s  a r e  per-  
haps more widely used i n  t h e  c o a l  i n d u s t r y  t han  any o t h e r  i n d u s t r y .  
' O R  Comes o f  Age' which t r a c e s  t h e  h i s t o r y  of  OR i n  t h e  e a r l y  days 
of t h e  UK Nat iona l  Coal Board, shows how e a r l y  and e x t e n s i v e l y  
t h e s e  approaches were a p p l i e d  i n  t h e  i n d u s t r y .  Other  n a t i o n a l  
i n d u s t r i e s  d i d  no t  l a g  f a r  behind i n  t h e i r  use of t h e s e  modern 
a i d s .  And y e t  t h e i r  use  has  no t  been, i n  g e n e r a l ,  t h e  r e s u l t  o f  
p lanning.  W e  b e l i e v e  t h a t  t h i s  i s  wrong--for a  number of reasons .  
I n  t h e  f i r s t  p l a c e ,  t h e r e  i s  t h e  ques t ion  of  t i m e .  E f f e c t i v e  
systems a n a l y s i s  t a k e s  time--as any a n a l y t i c a l  and i n v e s t i g a t o r y  
process  does.  I f  t h e  s tudy  r e q u i r e s  t h e  development of a  computer 
system f o r  r o u t i n e  a p p l i c a t i o n  even more t ime i s  r equ i r ed .  The 
s e c r e t  o f  s u c c e s s f u l  a p p l i e d  systems a n a l y s i s  c e r t a i n l y  i n c l u d e s  
t h e  a r t  o f  a n t i c i p a t i o n .  
Secondly, one must set  p r i o r i t i e s .  There a r e  a  g r e a t  number 
of p o s s i b l e  a p p l i c a t i o n s  of  systems a n a l y s i s  t o  mine planning--and 
even t h e  cons ide rab le  body of systems a n a l y s t s  r ep re sen ted  a t  t h e  
meeting on which t h i s  paper  i s  based have n o t  so lved  them a l l .  
P r i o r i t i e s  have t o  be a l l o c a t e d .  I t  i s  n o t  simply t h a t  some ap- 
p l i c a t i o n s  a r e  more impor tan t  t han  o t h e r s ,  b u t  t h a t  t h e r e  i s  a  
n a t u r a l  sequence i n  which t h e  a p p l i c a t i o n s  can be inco rpo ra t ed  
i n t o  t h e  o v e r a l l  p lanning  process .  
Above a l l ,  t h e r e  i s  t h e  fundamental need t o  examine t h e  plan- 
n ing  process  i t s e l f  i n  t h e  l i g h t  o f  systems a n a l y s i s .  Planning i s  
a l e n g t h y ,  e x p e n s i v e ,  complex sys tem which s h o u l d  be  ana lyzed  a s  
a  whole. By d e f i n i t i o n  t h a t  must b e  t h e  s u b j e c t  f o r  sys tems a n a l -  
y s i s .  But it has  t o  be  done a t  t h e  o u t s e t .  
These s t a t e m e n t s  s h o u l d  n o t ,  o f  c o u r s e ,  b e  t a k e n  t o  imply 
t h a t  t h e  p r o c e s s  o f  p l a n n i n g  h a s  n o t  been t h e  s u b j e c t  o f  system- 
a t i c  t h o u g h t .  I t  c l e a r l y  h a s - - p a r t i c u l a r l y  i n  c o u n t r i e s  such a s  
Poland,  where t h e  i n d u s t r y  h a s  been s t e a d i l y  expanding f o r  many 
y e a r s  and new c o l l i e r y  d-esign h a s  been a c o n t i n u i n g  a c t i v i t y ,  s o  
t h a t  a  c o n t i n u o u s  l e a r n i n g  p r o c e s s  has  t a k e n  p l a c e .  N e v e r t h e l e s s ,  
t h e r e  does  n o t  e x i s t  i n  t h e  l i t e r a t u r e  an  a d e q u a t e  overview o f  
t h e  p l a n n i n g  p r o c e s s  a s  a  whole ,  from t h e  sys tems p o i n t  o f  view. 
There i s  l i t t l e  doubt  t h a t  when t h i s  i s  done,  it  w i l l  be p o s s i b l e  
t o  improve o u r  p l a n n i n g  d e s i g n  and u n d e r s t a n d  b e t t e r  t h e  p a r t  
t h a t  sys tems a n a l y s i s  can  p l a y .  I n  view o f  t h e  major  p a r t  a l -  
r e a d y  b e i n g  p l a y e d  by s e v e r a l  hundred o p e r a t i o n a l  r e s e a r c h  workers  
and sys tems a n a l y s t s  d e d i c a t e d  t o  t h e  i n d u s t r y ,  t h e r e  i s  l i t t l e  
doubt  t h a t  t h e  s k i l l ,  knowledge and e x p e r i e n c e  i s  a v a i l a b l e  t o  
make t h i s  f u r t h e r  s t e p  forward .  
I t  i s  t h i s  b e l i e f  and concern  t h a t  l e d  t o  t h e  o r g a n i z a t i o n  
of  t h e  mee t ing  whose d i s c u s s i o n  i s  summarized i n  t h i s  p a p e r .  I t  
was, f i r s t  and f o r e m o s t ,  p r i m a r i l y  a  mee t ing  o f  i n d u s t r y  e x p e r t s  
and o f  p e o p l e  who would d i r e c t l y  b e n e f i t  from any improved under- 
s t a n d i n g  and i n f o r m a t i o n  t h a t  r e s u l t e d  from t h e  d i s c u s s i o n .  They 
were concerned w i t h  f i n d i n g  o u t  what  o t h e r  e x p e r t s  had done i n  
t a c k l i n g  t h e  same problems a s  themse lves ,  and i n  p a r t i c u l a r  
whether  t h e y  had s u c c e s s f u l l y  worked i n  problem a r e a s  which t h e y  
had n o t  a t t e m p t e d .  There  h a s  n o t  been h e r e t o f o r e  a  mee t ing  p l a c e  
f o r  t h e s e  e x p e r t s  t o  meet and d i s c u s s  t h e i r  work i n  d e p t h .  The 
e x i s t i n g  l i t e r a t u r e  i n  t h e  f i e l d  i s  l i m i t e d ,  i n  many l anguages ,  
and seldom d i s c u s s e s  t h e  i s s u e s  o f  r e a l  impor tance .  I n  p a r t i c u l a r ,  
it i s  o f t e n  h a r d  t o  i d e n t i f y  whe the r  a  method d e s c r i b e d  i n  a  p a p e r  
i s  r e a l l y  i n  r e g u l a r  u s e  and--if  so--what a r e  t h e  d i f f i c u l t i e s  
t h a t  have been overcome and how. Even i n  f a c e  t o  f a c e  d i s c u s s i o n  
between p e o p l e  w i t h  d i f f e r e n t  c u l t u r e s  and l i n g u i s t i c  backgrounds ,  
t h e  u n d e r l y i n g  f a c t s  a r e  h a r d  t o  d e t e r m i n e .  Given t h e  w i l l  it i s  
p o s s i b l e  i n  a  c o n c e n t r a t e d  s e s s i o n  o f  t h i s  k i n d .  A l l  t h e  a n a l y s t s  
concerned a g r e e d  t h a t  t h e i r  t i m e  was w e l l  s p e n t .  
Having a c h i e v e d  t h i s  pr imary  aim--whose s u c c e s s  can  b e  a s -  
s e r t e d  by t h o s e  who a t t e n d e d ,  b u t  can seldom b e  se t  o u t  i n  f i n a n -  
c i a l  te rms-- the  mee t ing  had a second t a s k .  I t  was t o  t r y  and 
d e s c r i b e  t h e  s t a t e  o f  t h e  a r t  s o  a s  t o  a s s i s t  b o t h  p l a n n e r s  and 
sys tems  a n a l y s t s  t o  d e t e r m i n e . m o r e  comprehensively  how sys tems 
a n a l y s i s  can a s s i s t  t h e  p l a n n e r  i n  h i s  work, and t h e  methods t h a t  
may b e  used.  Tha t  i s  what t h e  p a p e r  a t t e m p t s  t o  do. 
The f i r s t  s t e p  h a s  been t o  s t r u c t u r e  t h e  problem a s  a  whole ,  
and i n  t h i s  r e p o r t  l a r g e l y  f o l l o w s  t h e  s t r u c t u r e  o f  t h e  mee t ing  
i t s e l f ,  d e s c r i b e d  i n  Appendix A. The n e x t  t h r e e  c h a p t e r s ,  t h e r e -  
f o r e ,  d e a l  i n  t u r n  w i t h  r e s e r v e s  a s s e s s m e n t ,  t h e  e v a l u a t i o n  o f  
mining l a y o u t s ,  t h e  comparison o f  a l t e r n a t i v e  t e c h n o l o g i e s .  I n  
each  c a s e  w e  have t a k e n  t h e  d i s c u s s i o n  a t  t h e  meet ing  a s  t h e  b a s i s  
f o r  d e s c r i b i n g  t h e  s t a t e  o f  t h e  a r t ,  and i n d i c a t i n g  p o s s i b l e  
f u t u r e  d i r e c t i o n s .  W e  have n o t  a t t e m p t e d  t o  summarize, e . g . ,  a l l  
t h e  computer programs a v a i l a b l e  t o  t a c k l e  c e r t a i n  problems.  There  
may b e  room f o r  s u c h  a p u b l i c a t i o n ,  b u t  w e  have n o t  a t t e m p t e d  it 
h e r e .  Most o f  t h o s e  a t  t h e  meet ing have a l r e a d y  developed,  o r  
w i l l  c e r t a i n l y  do s o ,  t h e i r  own s t a n d a r d  computer programs t o  
meet t h e i r  s p e c i f i c  r equ i rements .  The problems a r e  i n  s p e c i f i c a -  
t i o n  and i n  u se ,  n o t  i n  programming. 
The purpose  of  t h e s e  s e s s i o n s ,  a s  o f  t h i s  r e p o r t ,  was t o  
i d e n t i f y  t h e  methods used t o  approach t h e s e  problems,  and r ea sons  
f o r  t h e i r  d i f f e r e n c e s  and s i m i l a r i t i e s ,  and t h e  f a c t o r s  a f f e c t i n g  
genuine  achievement .  Pe rhaps ,  more i m p o r t a n t l y  s t i l l ,  t h e  meet- 
i n g  s e r v e d  t o  i d e n t i f y  new a r e a s  o f  r e s e a r c h  i n  f r e s h  f i e l d s  where 
t h e  s y s t e m s > a n a l y s t  h a s  y e t  t o  make a  f u l l  c o n t r i b u t i o n  b u t  where 
w e  b e l i e v e  t h e  p o t e n t i a l  i s  t h e r e  t o  do s o .  
Reference  sh o u l d  be  made h e r e ,  a s  an a s i d e ,  t o  t h e  q u e s t i o n  
o f  manpower, supp ly  and r equ i r emen t s .  A s e s s i o n s  was devoted t o  
t h i s  a t  t h e  meet ing,  b u t  t h e r e  were no fo rmal  p r e s e n t a t i o n s  and 
it became c l e a r  t h a t  r e l a t i v e l y  l i t t l e  a n a l y s i s  was be ing  under- 
t a k e n  w i t h  manpower a s  t h e  prime focus .  What d i s c u s s i o n  t h e r e  
was h a s  t h e r e f o r e  been i n s e r t e d  a s  a p p r o p r i a t e  i n  t h e  o t h e r  
c h a p t e r s .  N e v e r t h e l e s s ,  t h e  problem i s  c r u c i a l .  Although t h e  
dream o f  manless-mining pers i s t s - -we  a r e  s t i l l  ve ry  f a r  from i t s  
achievement.  For  t h e  t i m e  be ing ,  s u c c e s s f u l  mining w i l l  depend 
on  t h e  a v a i l a b i l i t y  of  enough men w i t h  t h e  r i g h t  s k i l l s .  W e  need 
t o  be a b l e  t o  f o r e c a s t  b o t h ,  and a n a l y t i c a l  work h e r e  w i l l  become 
i n c r e a s i n g l y  n ece s sa r y .  
A f t e r  o u r  f i r s t  t h r e e  s e c t i o n s ,  d e a l i n g  w i t h  s e p a r a t e  a s p e c t s  
of t h e  whole problems,  w e  come t o  t h e  q u e s t i o n  o f  i n t e g r a t i n g  t h e  
s e p a r a t e  e lements .  W e  c o n s i d e r  t h i s  i n  two p a r t s .  The f i r s t  
c o n t i n u e s  t o  c o n c e n t r a t e  on t h e  mining a c t i v i t y  a s  such ,  b u t  p u l l s  
t o g e t h e r  t h e  v a r i o u s  p a r t s  s o  a s  t o  s t a r t  answer ing such q u e s t i o n s  
a s :  What i s  t h e  b e s t  way t o  work t h e  d e p o s i t ?  What i s  t h e  o p t i -  
mal p r o d u c t i v e  r a t e ?  Where do w e  l o c a t e  t h e  s h a f t s ?  W e  need t o  
t h i n k  abou t  t h e  i n t e r r e l a t i o n s h i p s  o f  e lements  i n  t h e  p l ann ing  
p r o c e s s  b u t  w e  a l s o  have t o  t a k e  account  o f  u n c e r t a i n t y .  The be- 
s e t t i n g  s i n  o f  p l a n n e r s  i s  t o  assume t h a t  t h e  f u t u r e  is f i x e d .  
I n  c o a l  mining terms, t h a t  i m p l i e s  t h a t  w e  know t h e  f u t u r e  demand 
f o r  c o a l  ( i n  t e rms  o f  q u a n t i t y ,  q u a l i t y  and p r i c e )  , a s  w e l l  a s  
t h e  g e o l o g i c a l  c o n d i t i o n s  t o  be  encounte red  i n  i t s  e x t r a c t i o n .  
The s imple  f a c t  i s  t h a t  t h e s e  t h i n g s  a r e  n o t  known w i t h  c e r t a i n t y .  
Even i n  n a t i o n a l  economies where demand runs  ahead o f  supp ly ,  
c e r t a i n  a s p e c t s  o f  t h e  m a r k e t - - p a r t i c u l a r l y  t h e  f u t u r e  q u a l i t y  
requ i rements  o f  new u t i l i z a t i o n  t e chno loq i ep -a r e  unknown. C e r -  
t a i n l y  g e o l o g i c a l  d i f f i c u l t i e s  do n o t  r e s p e c t  c u l t u r a l  o r  p o l i t i -  
c a l  boundar ies .  The i n t e g r a t i o n  o f  sys tems work i n  t h i s  f i e l d  
remains a  major  c h a l l e n g e .  T h i s  d i s c u s s i o n  i s  d e a l t  w i th  i n  
Chap te r  V. 
Moreover, w e  can n o t  s imply  t a l k  i n  t e r m s  o f  economic mining 
s o l u t i o n s .  Chap te r  V I  d e a l s  w i th  env i ronmenta l  f a c t o r s ,  which 
now make a  major  impact  i n  a l l  c o u n t r i e s ,  a l though  t h e  way i n  
which an impact  o c c u r s  depends on l o c a l  a d m i n i s t r a t i v e  s t r u c t u r e s .  
No i n d u s t r y  can i g n o r e  t h e s e  f a c t o r s ,  and t h e  i n t e g r a t i n g  power 
o f  sys tems a n a l y s i s  i s  b e i n g  i n c r e a s i n g l y  recogn ized  i n  t h i s  
f i e l d .  Work o f  t h i s  k i n d  r e l a t e s  t h e  c o a l  i n d u s t r y  s t u d i e s  more 
b r o a d l y  t o  s t u d i e s  by o t h e r  s p e c i a l i s t s ,  e . g . ,  socio-economic 
r e g i o n a l  s t u d i e s .  So t h e  sys tems a n a l y s t  w i t h i n  t h e  c o a l  i n d u s t r y  
cannot  be  t o o  narrow a  s p e c i a l i s t .  
The c h a p t e r  on environmenta l  f a c t o r s  concludes  t h e  r e p o r t  
on t h e  d i s c u s s i o n s  under taken a t  t h e  IIASA meet ing.  W e  conclude 
i n  Chapter  V I I  w i t h  a  coda, which draws t o g e t h e r  t h e  conc lu s ions  
from t h e  i n d i v i d u a l  c h a p t e r s .  F i n a l l y ,  Appendix A sets o u t  t h e  
Agenda f o r  t h e  meet ing,  Appendix B t h e  names o f  t h o s e  a t t e n d i n g ;  
and t h e  References  and L i s t  of  Papers  P re sen t ed  a r e  reproduced 
s e p a r a t e l y  a s  IIASA C o l l a b o r a t i v e  Paper CP-82-80. 
A number o f  r e f e r . e ~ c e s  a r e  made t o  t h e  proceedings  o f  t h e  
17 th  I n t e r n a t i o n a l  Conference on t h e  A p p l i c a t i o n s  o f  Computers 
and Ope ra t i ona l  Research i n  Mining (APCOM 1 7 ) .  Th is  meeting was 
c a n c e l l e d  a t  t h e  l a s t  moment b u t  w e  have had acces s  t o  t h e  pre-  
p r i n t s  of pape r s  p r epa red  f o r  t h a t  meeting.  
Th is  I n t r o d u c t i o n  must end w i t h  a  d i s c l a i m e r  and a  warning.  
Th i s  paper  r e p r e s e n t s  t o  t h e  b e s t  o f  o u r  a b i l i t y  t h e  p r e s e n t  and 
p r o s p e c t i v e  use  o f  sys tems a n a l y s i s  a s  an a i d  t o  t h e  p lann ing  of  
new c a p a c i t y  i n  deep c o a l  mines. I t  i s  based on a  knowledge o f  
t h e  l i t e r a t u r e ,  on p r e s e n t a t i o n s  a t  t h e  meet ing,  and on d i s cus -  
s i o n s .  However, it h a s  n o t  been p o s s i b l e  t o  examine every  c a s e  
r e f e r r e d  t o  i n  d e t a i l ,  nor  t o  conf i rm t h e  degree  of  implementa- 
t i o n  a c t u a l l y  ach ieved  i n  any p a r t i c u l a r  c a se .  Moreover, it must 
n e c e s s a r i l y  be  a  p a r t i a l  p i c t u r e ,  s i n c e  many of  t h o s e  under tak ing  
such work i n  d i f f e r e n t  c o u n t r i e s  w e r e  n e i t h e r  p r e s e n t  nor  repre -  
s en t ed .  I n  p a r t i c u l a r ,  when views a r e  summarized i n  terms of  ' I n  
t h e  USA...' it shou ld  be r e a l i z e d  t h a t  t h i s  on ly  exp re s se s  t h e  
unders tand ing  of  t h o s e  p r e s e n t  a t  t h e  meeting.  I t  was a  meeting 
o f  e x p e r t s  conduc t ing  a  s c i e n t i f i c  exchange of  i d e a s ,  n o t  a  meet- 
i n g  of  o f f i c i a l  d e l e g a t i o n s .  However, a l though  t h i s  l i m i t a t i o n  
w i l l  i n e v i t a b l y  l e a d  t o  some p a r t i a l  t r u t h s ,  w e  do n o t  t h i n k  t h a t  
t h e r e  i s  s e r i o u s  d i s t o r t i o n  i n  t h e  g e n e r a l  p i c t u r e .  
CHAPTER 11--RESERVES ASSESSMENT 
1 .  INTRODUCTION 
The q u a n t i t y ,  q u a l i t y ,  d i s p o s i t i o n  and g e o l o g i c a l  cha rac t e r -  
i s t i c s  of c o a l  r e s e r v e s  a r e  t h e  f i r s t  f a c t o r s  t o  be  cons idered  i n  
e v a l u a t i n g  a  new mine o r  major mining ex t ens ion .  Explora t ion  
p r a c t i c e  f o r  deep mine c o a l  r e se rves  does no t  d i f f e r  markedly from 
country  t o  count ry  and t y p i c a l l y  fo l lows  t h e  fo l lowing  sequence: 
( a )  A few widely-spaced boreholes  a r e  sunk merely t o  i d e n t i f y  
t h e  presence  o r  absence of  coa l .  
( b )  I f  encouraging,  more boreholes  a r e  sunk enab l ing  t e n t a -  
t i v e  e s t i m a t e s  t o  be made of t h e  s i z e  and q u a l i t y  of 
r e s e r v e s .  
( c )  L a t e r ,  s e i s m i c  methods may be used,  supplemented by a  
s t i l l  g r e a t e r  i n t e n s i t y  of boreholes  t o  e s t a b l i s h  whether 
t h e  c o a l  seams a r e  s u f f i c i e n t l y  undis turbed  f o r  t h e  re -  
q u i r e d  l e v e l s  o f  p r o d u c t i v i t y .  
The in format ion  provided,  t o g e t h e r  wi th  in format ion  from 
neighboring c o l l i e r i e s  ( i f  any) i s  a l l  t h a t  can be used i n  a s se s s -  
i n g  t h e  f e a s i b i l i t y  of  a  new mine o r  major c o l l i e r y  ex tens ion :  it 
provides  t h e  founda t ion  f o r  a l l  t h a t  fo l lows  i n  new c a p a c i t y  plan- 
ning.  Never the less ,  a s  e x p l o r a t i o n  i s  expensive t h e  manager, 
p l anne r ,  g e o l o g i s t ,  and systems a n a l y s t  have t o  work with  informa- 
t i o n  t h a t  i s  f a r  from complete. 
This  chap te r  d e s c r i b e s  t h e  c o n t r i b u t i o n  t h a t  has  been made 
by t h e  systems a n a l y s t  and o u t l i n e s  t hose  a r e a s  where systems 
a n a l y s i s  has  y e t  t o  make a  f u l l ,  o r  a t  l e a s t  c o n s i s t e n t ,  con t r ibu-  
t i o n .  I t  i s  comprised of t h r e e  s e c t i o n s ,  namely: 
(i) t h e  e s t i m a t i o n  from g iven  e x p l o r a t i o n ,  
(ii) t h e  des ign  o f  e x p l o r a t i o n  s t r a t e g i e s ,  and 
(iii) t h e  c a l c u l a t i o n  of  r e s e r v e s .  
I t  should be emphasized t h a t  t h e  chap te r  r e f e r s  on ly  t o  work 
done f o r  deep mine c o a l  r e s e r v e s .  Much va luab le  r e s e a r c h  has  
been undertaken i n  t h i s  f i e l d  f o r  opencas t  mining, b u t  t h i s  i s  n o t  
d i r e c t l y  t r a n s f e r a b l e  l a r g e l y  because o f  t h e  huge d i f f e r e n c e s  i n  
borehole  d e n s i t y ,  which fo l lows  t o  some e x t e n t  because of  t h e  
r e l a t i v e l y  high c o s t s  of  t h e  deep boreholes .  
2 .  THE ESTIMATION FROM G I V E N  EXPLORATION 
The use  of  systems a n a l y s i s  t o  h e l p  e s t i m a t e  t h e  c h a r a c t e r -  
i s t i c s  o f  t h e  c o a l  seam from t h e  r e s u l t s  o f  e x p l o r a t i o n  i s  univer-  
s a l  and u n c o n t r o v e r s i a l .  These achievements a r e ,  however, more 
marked i n  t h e  case  of t h e  cont inuous p r o p e r t i e s  o f  c o a l  (such a s  
t h i c k n e s s ,  dep th ,  a sh ,  s u l f u r ,  and c h l o r i n e )  than  wi th  t h e  discon-  
t i nuous  p r o p e r t i e s  ( p r i m a r i l y  g e o l o g i c a l  hazards  such a s  f a u l t i n g  
o r  washouts ) .  This  may be because t h e  methodology r e q u i r e d  is 
l agg ing  behind t h a t  developed f o r  examining cont inuous p r o p e r t i e s ,  
bu t  more impor t an t ly  because t h e  s p a r s i t y  o f  t h e  in format ion  
a v a i l a b l e  be fo re  a  mine i s  developed i s  more disadvantageous t o  
an examination o f  d i s c o n t i n u i t i e s .  
Seve ra l  examples of  t h e  c o n t r i b u t i o n  made by systems a n a l y s i s  
i n  e s t i m a t i n g  t h e  cont inuous p r o p e r t i e s  o f  c o a l  were desc r ibed  a t  
t h e  meeting. While p r e c i s e  methods v a r i e d  from count ry  t o  count ry ,  
it  was e v i d e n t  t h a t  a  good d a a a s e  of  r e s e r v e s  in format ion  should  
be e s t a b l i s h e d  s o  t h a t  speedy assessments  can be made n o t  on ly  of  
t h e  r e s e r v e s  themselves b u t  of  t h e  impact of  any mining p l an .  Two 
examples, from Poland and t h e  UK,  i l l u s t r a t e  t h i s  approach.  
I n  Poland,  computer programs [5] have been developed which 
enable  e s t i m a t e s  t o  be made o f  c o a l  r e s e r v e s  a t  o p t i o n a l  depth 
i n t e r v a l s .  The model i t s e l f  c o n t a i n s  d e t a i l s  o f '  dep th ,  seam th i ck -  
ness  and up t o  t e n  f u r t h e r  parameters  of i n t e r e s t  (such a s  a sh ,  
s u l f u r ,  o r  c a l o r i f i c  v a l u e ) .  The programs a r e  used t o  provide t h e  
i n i t i a l  l i n k  between r e s e r v e s  assessment and mining p l an  by d iv id -  
i n g  t h e  r e s e r v e s  i n t o  c o a l  mining a r e a s ,  c a l c u l a t i n g  t h e  depth of 
mine hor izons  and i n d i c a t i n g  t h e  p r e f e r r e d  l o c a t i o n  of s h a f t s .  
These programs have been s u c c e s s f u l l y  used s e v e r a l  t imes ,  inc lud-  
i n g  f o r  t h e  major development i n  t h e  Lubl in  Coal Basin. 
S i m i l a r l y ,  t h e  UK have developed a  computer system, GEOPLAN 
[8] which uses borehole  in format ion  t o  produce summaries o f  t h e  
g e o l o g i c a l  d i s t r i b u t i o n  o f  r e se rves  on a  square  g r i d  b a s i s .  The 
da tabase  o f  borehole  in format ion  c o n t a i n s  such d e t a i l s  a s  c o a l  
s e c t i o n ,  d i r t  s e c t i o n  and average percen tage  a sh ,  s u l f u r  and 
Chlor ine  and GEOPLAN system can be used t o  examine any of  t h e s e ,  
under d i f f e r e n t  c o n s t r a i n t s .  An example might be t o  examine t h e  
geographic  d i s t r i b u t i o n  of  r e s e r v e s  s u b j e c t  t o  a  l i m i t  o f  15% ash 
i n  t h e  worked s e c t i o n .  A f e a t u r e  o f  t h e  system i s  t h e  use of dummy 
boreholes  when a  g e o l o g i s t  may c o r r e c t  t h e  da tabase  t o  h i s  own 
i n t e r p r e t a t i o n  when borehole  i n t e r p o l a t i o n  i s  thought  mis lead ing .  
Like t h e  P o l i s h  programs, GEOPLAN no t  on ly  summarizes t h e  r e s e r v e s  
d i s t r i b u t i o n ,  b u t  a l s o  a s s e s s e s  t h e  broad consequences of a  mining 
s t r a t e g y  given t h i s  r e s e r v e s  d i s t r i b u t i o n .  
I n  c o n s t r u c t i n g  any da tabase  of r e s e r v e s  in format ion  t h e  
p r a c t i t i o n e r s  of  t h e  c o u n t r i e s  p r e s e n t  a t  t h e  meeting a l l  t end  t o  
use methods of i n t e r p o l a t i o n  t h a t  a r e  s imple  i n  concept .  These 
inc lude  a s s e s s i n g  l i n e a r  change between boreholes  (USSR, Po land) ,  
polygon methods (US, though o c c a s i o n a l l y  g e o s t a t i s t i c a l  methods) 
and averaging from t h e  t h r e e  n e a r e s t  boreholes  us ing  weights  in -  
v e r s e l y  r e l a t e d  t o  t h e i r  squared d i s t a n c e  ( U K )  . The evidence a s  
t o  t h e  value more s o p h i s t i c a t e d  models of seam behavior  i n  t h e  
assessment of deep mine c o a l  r e s e r v e s  appears  t o  be c o n f l i c t i n g .  
For example, nobody p r e s e n t  a t  t h e  t a s k  f o r c e  meeting had achieved 
succes s  i n  t h e  a p p l i c a t i o n  of g e o s t a t i s t i c s ,  a l though s e v e r a l  had 
t r i e d .  I n  p a r t i c u l a r ,  doubts  were c a s t  on t h e  v a l i d i t y  o f  t h e  
semi-variograms, given t h e  pauc i ty  of d a t a  a v a i l a b l e .  Neverthe- 
l e s s ,  t h e r e  a r e  some t e c h n i c a l  papers  i n  t h e  l i t e r a t u r e  which sup- 
p o r t  t h e  use of  g e o s t a t i s t i c s  f o r  deep c o a l  assessment (Al,  A2),  
s o  doub t l e s s  t h e  m a t t e r  w i l l  remain a  s u b j e c t  f o r  deba te  f o r  some 
t i m e  t o  come. Fundamentally, however, t h e  meeting concluded t h a t  
t h e  choice  of  methods of i n t e r p o l a t i o n ,  i n  t h e  con tex t  of new deep- 
mine p lanning ,  may n o t  be c r u c i a l ;  what i s  impor tan t  i s  t o  e s t ab -  
l i s h  a  convenient ,  a ccep tab le  and s u f f i c i e n t l y  r e l i a b l e  da tabase  
of  r e s e r v e s  in format ion  which i s  e a s i l y  updated a s  more in format ion  
becomes a v a i l a b l e  and which r e l a t e s  r e se rves  t o  subsequent  mining 
a c t i v i t y .  
I t  was mentioned e a r l i e r  t h a t  a l though systems a n a l y s i s  has  
been widely involved i n  t h e  f i e l d  of  e s t i m a t i n g  cont inuous proper-  
t i e s  of c o a l ,  t h e  same cannot be s a i d  when it comes t o  d e a l i n g  
wi th  d i scont inuous  p r o p e r t i e s .  One example of  how systems a n a l y s i s  
might c o n t r i b u t e  was provided a t  t h e  t a s k  f o r c e  meeting by t h e  
Federa l  Republic of  Germany [ I  1 , (A3) . For t h e  Ruhr coa l f  i e l d ,  a  
method has been dev ised  f o r  e x p r e s s i n g i n q u a n t i t a t i v e  terms t h e  
l i k e l y  r e s e r v e s  t h a t  w i l l  u l t i m a t e l y  be e x t r a c t e d  a f t e r  r e l a x a t i o n s  
have been made t o  i n s i t u  r e s e r v e s  according t o  va r ious  h i s t o r i c a l l y  
der ived  r e l a t i o n s h i p s .  Amongst o t h e r  t h i n g s ,  t h e s e  r e l a t i o n s h i p s  
a l low f o r  t h e  degree  of u n c e r t a i n t y  about t h e  geo log ica l  s t r u c t u r e  
of t h e  a r e a  i n  q u e s t i o n s ,  t h e  a n t i c i p a t e d  f a u l t  i n t e n s i t y  and t h e  
planned worked s e c t i o n  of  t h e  seam i n  ques t ion .  The method has  
been widely used i n  Ruhrkohle f o r  long term p lann ing ,  t o  adv i se  
on t h e  r e l a t i v e  a t t r a c t i v e n e s s  of d i f f e r e n t  a r e a s  of  c o a l ,  inc lud-  
i n g  advice  on which a r e a s  of  t a k e  t o  l eave  untouched. 
3. DESIGN OF EXPLORATION 
There a r e  two major problems t o  be overcome by t h e  systems 
a n a l y s t  seek ing  t o  adv i se  on t h e  des ign  of e x p l o r a t i o n ,  whether 
concerned wi th  t h e  cont inuous o r  t h e  d i scont inuous  p r o p e r t i e s  of 
c o a l  r e s e r v e s .  The f i r s t  of t h e s e  is  t o  e s t i m a t e  ( a )  t h e  i n c r e a s e  
i n  knowledge about t h e s e  p r o p e r t i e s  t h a t  i s  made p o s s i b l e  by 
f u r t h e r  e x p l o r a t i o n ,  and ( b )  t o  e s t i m a t e  t h e  value of such inc reased  
knowledge. I t  appears  t h a t  systems a n a l y s i s  has  some way t o  go i n  
t h i s  f i e l d  and t h e r e  i s  l i t t l e  evidence of a  major c o n t r i b u t i o n  
from systems a n a l y s i s  t o  e x p l o r a t i o n  design.  
This  i s  p a r t i c u l a r l y  t r u e  of cont inuous p r o p e r t i e s .  L i t t l e  
work was i n  evidence on such problems a s  borehole  spac ing ,  which 
appeared t o  vary from country  t o  country  because of  h i s t o r i c  cus- 
tom and p r a c t i c e  r a t h e r  than  f o r  good s c i e n t i f i c  o r  s t a t i s t i c a l  
reasons .  The l ack  o f  i n f l u e n c e  of systems a n a l y s i s  i s  probably 
expla ined  by t h e  absence of s a t i s f a c t o r y  methods of  t h e  r equ i r ed  
s t a t i s t i c a l  s o p h i s t i c a t i o n  f o r  t h e  necessary  e v a l u a t i o n  of r i s k s  
and p r o b a b i l i t i e s .  The s imple  methods more g e n e r a l l y  used f o r  
r e s e r v e s  assessment  a r e  i n s u f f i c i e n t  i n  t h i s  f i e l d .  G e o s t a t i s t i c s  
i s  c e r t a i n l y  s o p h i s t i c a t e d  enough b u t ,  a s  mentioned p rev ious ly ,  
i t s  v a l i d i t y  i s  n o t  u n i v e r s a l l y  accepted.  
With d i s c o n t i n u i t i e s ,  t h e r e  i s  a  l i t t l e  more evidence o f  a  
c o n t r i b u t i o n  from systems ana lys i s - - i f  no t  an e x p l o r a t i o n  des ign ,  
a t  l e a s t  i n  adv i s ing  on t h e  va lue  o f  e x p l o r a t i o n .  One example 
[ 8 1 ,  ( A 4 )  concerns t h e  use of o p e r a t i o n a l  gaming t o  a s s e s s  t h e  
b e n e f i t s  o f  s u r f a c e  s e i smic  exp lo ra t ion .  I n  s imple  terms,  t h e  
approach i s  t o  t e s t  t h e  consequences on a  mining p l an  of t h e  l i k e l y  
knowledge o f  t h e  p o s i t i o n  of major f a u l t s  t h a t  would be provided 
by se i smic  e x p l o r a t i o n ,  and t o  s e e  whether t h e  d i f f e r e n c e s  a r e  
s i g n i f i c a n t  enough t o  make expendi ture  on se i smic  e x p l o r a t i o n  
worthwhile. Decis ion a n a l y s i s  has been used t o  a s s e s s  t h e  bene- 
f i t s  of in-seam seismology,  based on a  p r o b a b i l i t y  t r e e  which 
d e s c r i b e s  outcomes wi th  and wi thout  t h e  survey.  
4 .  THE CALCULATION OF RESERVES 
Sec t ion  2 of  t h i s  chap te r  o u t l i n e s  t h e  s u b s t a n t i a l  r o l e  
played by systems a n a l y s i s  i n  e s t i m a t i n g  p r o p e r t i e s  of  t h e  r e s e r v e s  
from a  given e x p l o r a t i o n .  Much of  t h i s  work, of course ,  a p p l i e s  
d i r e c t l y  t o  t h e  f i n a l  c a l c u l a t i o n  o f  r e s e r v e s  when t h e  s u r f a c e  
e x p l o r a t i o n  program i s  complete. I t  would, however, be wrong t o  
a s s e s s  r e s e r v e s  pure ly  i n  t h e  g e o l o g i c a l  s ense  wi thout  r e l a t i n g  
them t o  o t h e r  f a c t o r s .  I n  o r d e r  t o  f u l l y  a s s e s s  r e s e r v e s  it i s  
necessary  t o  t a k e  account  of  such f a c t o r s  as: 
( a )  economic assumptions (on t h e  va lue  of  c o a l  and i t s  a l t e r -  
n a t i v e s )  , 
( b )  mining technology (what e x t r a c t i o n  techniques  a r e  o r  w i l l  
be p o s s i b l e ? )  , 
( c )  q u a l i t y  ( w i l l  c o n s t r a i n t s  change?) , and 
( d )  environmental  i s s u e s  ( subs idence  e f f e c t s ,  p i l l a r s ,  neces- 
s a r y ,  changes t o  a t t i t u d e  o r  l e g i s l a t i o n ) .  
There i s  wide l i t e r a t u r e  (e .g . ,  A 5 )  d e s c r i b i n g  assessments  
o f  t h i s  type  on a  n a t i o n a l  o r  i n t e r n a t i o n a l  l e v e l ,  b u t  f o r  an 
i n d i v i d u a l  mine more s p e c i f i c  knowledge of  t h e  c o a l  d e p o s i t  i s  
r equ i r ed  t o  e v a l u a t e  t h e  e f f e c t s  of t h e s e  f o u r  f a c t o r s .  
C l e a r l y ,  t h i s  i n d i c a t e s  t h e  c l o s e  connect ion wi th  o t h e r  t o p i c s  
d i scus sed  a t  t h e  t a s k  f o r c e  meeting,  b u t  it a l s o  demonstra tes  t h e  
t r u e  worth o f  t h e  work desc r ibed  e a r l i e r .  For t h e  s t r e n g t h  of t h e  
computer, a s  o u t l i n e d  i n  Sec t ion  3 ,  i s  t h a t  once d a t a  banks a r e  
e s t a b l i s h e d ,  t h ey  can be  updated  a s  economic, t e c h n i c a l ,  o r  mar- 
k e t i n g  assumpt ions  change.  While it would be wrong t o  sugges t  
t h a t  f u r t h e r  r e s e a r c h  i s  n o t  needed, systems a n a l y s t s  a r e  develop-  
i n g  models which demons t ra te  how e s t i m a t e s  o f  r e s e r v e s  change w i t h  
a  c o n t i n u o u s l y  changing economic and t e c h n i c a l  c l i m a t e .  
5. SUMMARY AND CONCLUSIONS 
1.  Systems a n a l y s i s  ha s  c o n t r i b u t e d  s i g n i f i c a n t l y  i n  t h e  
f i e l d  of  r e s e r v e s  assessment ,  l a r g e l y  th rough  t h e  develop- 
ment o f  computer sys tems which a s s e s s  r e s e r v e s  l i n k e d  t o  
mining p l a n s  and r e l e v a n t  marke t ing  and economic assump- 
t i o n s .  
2. Work i s  n o t  s o  advanced on t h e  examinat ion o f  t h e  d i scon-  
t i n u o u s  p r o p e r t i e s  o f  r e s e r v e s  a s  on t h e  con t inuous  prop- 
er t ies .  
3. A g r e a t e r  u n d e r s t and ing  o f  t h e  knowledge p rov ided  by 
e x p l o r a t i o n  and t h e  v a l u e  o f  such knowledge i s  neces sa ry  
b e f o r e  sys tems a n a l y s i s  can c o n t r i b u t e  s i g n i f i c a n t l y  i n  
t h e  f i e l d  o f  e x p l o r a t i o n  de s ign .  
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CHAPTER 1 1 1 - - M I N I N G  METHODS: EVALUATION 
1 .  INTRODUCTION 
This  chap te r  d e a l s  w i th  t h e  c o n t r i b u t i o n  of systems a n a l y s i s  
i n  t h e  a n a l y s i s  of  t h e  d e t a i l e d  p lanning  sub-problems of mining 
method e v a l u a t i o n .  These sub-problems a r i s e  whether o r  n o t  loca-  
t i o n  and s i z e  of  mine ( s )  have been determined.  
A wider  range of OR systems a p p l i c a t i o n s  has  been r epo r t ed  
i n  t h i s  f i e l d  than i n  any o t h e r .  Sec t ion  2 below l i s t s  some of 
t h e s e  sub-problem a r e a s  and a p p l i c a t i o n s .  Sec t ion  3 d i s c u s s e s  
t h e  systems a n a l y s i s  t echniques  which have been used i n  such ap- 
p l i c a t i o n s .  Sec t ion  4 goes on t o  d i s c u s s  t h e  d i f f i c u l t i e s  t h a t  
have been encountered once a t t empt s  a r e  made t o  l i n k  problem a r e a s  
t o g e t h e r .  
2 .  PROBLEM AREAS 
A l a r g e  number of problem a r e a s  have been t a c k l e d .  This 
emerged bo th  from d i s c u s s i o n  and i s  a l s o  apparen t  from publ i shed  
l i t e r a t u r e  such a s  t h e  Summary of Papers of t h e  17th  APCOM. The 
fo l lowing  l i s t ,  which i s  n o t  in tended  t o  be  exhaus t ive ,  shows t h e  
range of problem areas  where systems a n a l y s i s  techniques  have been 
appl ied :  
Face design--dimensions and/or equipment 
Face design--working methods 
P r o d u c t i v i t y  forecast ing--advance r a t e s  
P r o d u c t i v i t y  forecasting--manpower requirements  
Layout eva lua t ion- - the  sequencing of f a c e s  i n  space and t i m e  
Coal c l ea rance  
M a t e r i a l s  t r a n s p o r t  
T r a n s p o r t  o f  men 
V e n t i l a t i o n  
C o n t r o l  o f  g a s  e m i s s i o n  
Temperature c o n t r o l  
Rock mechanics 
Subsidence  
Coal b r e a k i n g  c h a r a c t e r i s t i c s  
Acc iden t  p r e v e n t i o n  
S h a f t  d e s i g n  
Coal  p r e p a r a t i o n .  
I t  i s  i n  t h i s  s o r t  o f  work where g r e a t e s t  and most c o n s i s t e n t  
implementa t ion  s u c c e s s  has been ach ieved .  I n  some problem a r e a s ,  
e . g . ,  c o a l  c l e a r a n c e ,  v e n t i l a t i o n ,  and c o a l  p r e p a r a t i o n ,  it i s  
a l m o s t  s t a n d a r d  t h r o u g h o u t  t h e  wor ld  t h a t  mine p l a n n e r s  and en- 
g i n e e r s  use  t h e  models o f  t h e  sys tems a n a l y s t ,  o f t e n  now w i t h o u t  
h i s  a s s i s t a n c e .  I n  o t h e r  a r e a s ,  e . g . ,  f a c e  d e s i g n ,  p r o d u c t i v i t y  
f o r e c a s t i n g ,  and l a y o u t  e v a l u a t i o n ,  t h e  sys tems a n a l y s i s  c o n t r i b u -  
t i o n  i s  p o t e n t i a l l y  a s  s t r o n g ,  a l t h o u g h  i n  t h e  n a t u r e  of  t h i n g s  
implementa t ion  canno t  b e  s o  r o u t i n e .  
Two obv ious ,  b u t  n e v e r t h e l e s s  i m p o r t a n t ,  p o i n t s  w e r e  emphasized 
a s  b e i n g  v i t a l  f o r  implementa t ion  s u c c e s s .  F i r s t l y ,  from t h e  
e a r l i e s t  s t a g e s  t h e r e  must b e  c l o s e  involvement  o f  t h e  p o t e n t i a l  
u s e r ,  t h e  mine p l a n n e r  o r  e n g i n e e r .  Secondly ,  t h e  amount o f  de- 
velopment e f f o r t  n e c e s s a r y  t o  a c h i e v e  c o n s i s t e n t  implementa t ion  
must n o t  b e  u n d e r e s t i m a t e d .  
The sys tems a n a l y s i s  t e c h n i q u e s  used a r e  d i s c u s s e d  i n  t h e  n e x t  
s e c t i o n .  The d i s c u s s i o n  c o n c e n t r a t e s  on one p a r t i c u l a r  problem 
a r e a ,  t h a t  o f  l a y o u t  e v a l u a t i o n  and t h e  p l a n n i n g  o f  t h e  sequenc ing  
of  f a c e s  i n  s p a c e  and t i m e .  However, t h e  d i s c u s s i o n  i s  r e l e v a n t  
t o  a l l  problem a r e a s ,  and examples from o t h e r s  a r e  used a s  appro- 
p r i a t e .  
3 .  SYSTEMS ANALYSIS TECHNIQUES USED 
3.1 D e s c r i p t i v e  Models 
I n  t h e s e  models (which a r e  u s u a l l y  b a s e d  on s imple  f u n c t i o n a l  
r e l a t i o n s h i p s )  t h e  emphasis  i s  u s u a l l y  p l a c e d  on communicabi l i ty  
and t h e  f a c i l i t y  f o r  e a s y  and r a p i d  e v a l u a t i o n s  w i t h  changing 
assumpt ions ,  s o  t h a t  t h e  mine p l a n n e r  can  e x p l o r e  t h e  consequences 
of u n c e r t a i n t y .  Examples r e l e v a n t  h e r e  a r e  models o f  t h e  produc- 
t i o n  p r o c e s s  aimed a t  improving t h e  e f f i c i e n c y  o f  l o n g w a l l  mining 
by i n c r e a s i n g  machine u t i l i z a t i o n  c o e f f i c i e n t s  (FRG--B1); models 
which a l l o w  t h e  a n a l y s i s  o f  v a r i a t i o n  o f  p r o d u c t i o n  q u a n t i t y  ( a s h ,  
c h l o r i n e ,  e tc )  f o r  a  g i v e n  mine l a y o u t  f o r  up t o  70 y e a r s  f u t u r e  
workings ( U K  Geoplan-- [8] ) ; and a  model o f  s u b s i d e n c e  a r i s i n g  from 
g i v e n  mining l a y o u t s  (Po land ,  B2) . 
3.2 S i mu l a t i o n  Models 
T h i s  i s  t h e  most i m por t an t  t e chn ique  by which t h e  problem 
a r e a s  l i s t e d  i n  S e c t i o n  2  a r e  i n v e s t i g a t e d .  A g e n e r a l  su rvey  o f  
such a p p l i c a t i o n s  i n  t h e  USSR i s  g iven  i n  [11,  121, w h i l e  [5 ]  
g i v e s  a  p a r t i c u l a r l y  d e t a i l e d  account  o f  P o l i s h  expe r i ence .  A s  
more s p e c i f i c  examples: s i m u l a t i o n  o f  l ongwa l l  p roduc t i on ,  pro- 
d u c t i v i t y  and q u a l i t y  i s  d e s c r i b e d  i n  f o r  example,  (B2, USSR); 
s i m u l a t i o n  o f  m u l t i p l e  seam mining f o r  p l ann ing  a p p r o p r i a t e  f a c e  
sequences  and mining geometry i s  d e s c r i b e d  i n  ( B 4 ,  Japan);  s imula-  
t i o n  o f  c o a l  c l e a r a n c e  systems f o r  p l ann ing  underground bunker  and 
b e l t  c a p a c i t i e s  w e r e  d e s c r i b e d  d u r i n g  S e c t i o n  2  by Po land ,  t h e  UK 
(Simbunk and S i m b e l t ) ,  and USSR; s i m u l a t i o n  o f  s u r f a c e  c o a l  f lows  
t o  de te rmine  r e q u i r e d  c a p a c i t i e s  o f  ROM bunkerage ,  c o a l  p repara -  
t i o n  p l a n t  and r a p i d  l o a d i n g  bunkerage i s  d e s c r i b e d  i n  (B5, U R ) .  
3 . 3  O p e r a t i o n a l  Gaming--Hand S imu la t i on  
One method by which t h e  purpose  and i m p l i c a t i o n s  o f  a  s imula-  
t i o n  can  be  made p a r t i c u l a r l y  c l e a r  t o  t h e  p l a n n e r  and e n g i n e e r  i s  
by hand s i m u l a t i o n ,  o r  o p e r a t i o n a l  gaming. There a r e  very  few 
examples o f  t h i s  t e ch n i q ue  i n  p r a c t i c e ;  perhaps  t h e  t i m e  t aken  t o  
perform such s i m u l a t i o n s  m i l i t a t e s  a g a i n s t  t hen .  The UK have 
developed one hand s i m u l a t i o n  methods, Geosimplan [8 ]  which h a s  
been used r e p e a t e d l y  a t  e x i s t i n g  c o l l i e r i e s  t o  ana lyze  t h e  robus t -  
n e s s  o f  l ayou ts /min ing  s t r a t e g i e s  i n  t h e  f a c e  o f  g e o l o g i c a l  uncer-  
t a i n t y ,  and a l s o  t o  an a l yze  t h e  va lue  o f  i n f o r m a t i o n  problem o f  
t h e  b e n e f i t s  o f  s u r f a c e  se ismology.  
3.4 O p t i m i za t i o n  
Of t h e  main deep-mine c o a l  p roduce r s ,  o n l y  USSR and Poland 
r e p o r t  s u b s t a n t i a l  i n t e r e s t  i n  o p t i m i z a t i o n  t e chn iques  (USSR [11,  
121; Poland [ 5 ,  71. More d e t a i l e d  examples o f  approaches  ana lyz-  
i n g  v a r i o u s  a s p e c t s  o f  mine l a y o u t  p l ann ing  i n  t h e  USSR can be 
found f o r  example i n  (B5, B7, B8) .  A d e t a i l e d  P o l i s h  s t u d y  o f  
optimum f a c e  and su p p l y  roadway c o n f i g u r a t i o n s  i s  shown i n  [4 ]  . 
The FRG, USA and UK d i d  n o t  r e p o r t  use  o f  o p t i m i z a t i o n  t e chn iques  
i n  t h i s  f i e l d  w i t h  t h e  e x c e p t i o n  o f  r e g i o n a l  product ion/market  
a l l o c a t i o n  models.  
4 .  COMBINING PROBLEM AREAS 
4.1 The N e c e s s i t y  t o  Combine 
I f  two problem a r e a s ,  o r  two segments,  o f  a  mine l a y o u t  a r e  
modeled s e p a r a t e l y  and d e c i s i o n s  t a k e n  a c c o r d i n g l y ,  t h e r e  i s  no 
g u a r a n t e e  of  t o t a l  sys tem o p t i m a l i t y  o r  even t h a t  t h e  t o t a l  s o lu -  
t i o n  is  amongst t h e  most r o b u s t .  Poland no ted  t h a t  p r a c t i c a l  d i f -  
f i c u l t i e s  ensue  through a t t e m p t s  t o  s o l v e  a l l  problems s e p a r a t e l y :  
f o r  example, t h e  mechan iza t ion  o f  developments and t h e  automat ion 
o f  c o a l  and man t r a n s p o r t  sys tems ha s  l agged  f a r  behind f a c e  
mechanizat ion .  There i s  f u l l  agreement t h a t  it  i s  nece s sa ry  t o  
a t t e m p t  t o  model combinat ions  o f  problem a r e a s .  
4 . 2  Achievements o f  Systems Analysis  
S imula t ion ,  s o  s u c c e s s f u l  i n  i n v e s t i g a t i n g  i n d i v i d u a l  problem 
a r e a s ,  has had mixed r e s u l t s  once a t t empt s  a r e  made t o  l i n k  sub- 
problem s imu la t ions .  The P o l i s h  exper ience  i s  t h a t  a l though simu- 
l a t i o n  programs a r e  used on q u i t e  a s c a l e ,  it has  n o t  proved pos- 
s i b l e  t o  develop a s imu la t ion  program good enough f o r  an e n t i r e  
l ayou t .  The USSR cla ims some success  wi th  s imu la t ion  models com- 
b i n i n g  more than  one produc t ion  p roces s ,  e . g . ,  c o a l  mining and 
c o a l  t r a n s p o r t  ( e . g . ,  B10, B11). The FRG r e p o r t e d  some impress ive  
papers  cover ing  some a s p e c t s  of l ayou t  p lanning  ( r e f e r e n c e s  n o t  
g iven)  a t  t h e i r  l a s t  n a t i o n a l  meeting; however, o v e r a l l  a t t empt s  
t o  o b t a i n  a t o t a l  systems model have been a complete f a i l u r e .  
The USA r e p o r t  t e c h n i c a l  success  (B9);  t h e  Penn S t a t e  Un ive r s i t y  
Simulat ion System can be  used f o r  t o t a l  s imu la t ion  o f  t h e o r e t i c -  
a l l y  any underground mining system, a l though  t h e  model r e f l e c t s  
t h e  c u r r e n t  USA b i a s  towards room and p i l l a r  working. However, 
i nc reased  complexity has  l e d  t o  ( a )  problems wi th  i n p u t  d a t a ,  and 
( b )  problems of  implementation--at  t h e  moment p r a c t i c a l  app l i ca -  
t i o n s  o u t s i d e  G n i v e r s i t i e s  a r e  extremely r a r e .  
Some of  t h e  o p t i m i z a t i o n  models of  t h e  USSR and Poland 
r e f e renced  i n  3 . 4  above c l e a r l y  i n p l y  a degree of  t o t a l  system 
modeling. However, it i s  a l s o  apparen t  from t h e  Ses s ion  d i scus-  
s i o n  t h a t  t h i s  i s  a t  t h e  expense of ( a )  t h e  d e t a i l  p o s s i b l e  w i th  
models o f  i n d i v i d u a l  problem a r e a s ;  and ( b )  t h e  communicabil i ty 
t o  mine p l anne r  and eng inee r  which i s  t h e  s t rong-po in t  of  desc r ip -  
t i v e  and s imu la t ion  modeling. 
5. SUMMARY AND CONCLUSIONS 
The r e l a t i v e  f a i l u r e  of  systems a n a l y s i s  t o  develop t o t a l  
system models does no t  imply t h a t  systems a n a l y s i s  should n o t  be 
used t o  ana lze  t h e  t o t a l  system. I n  f a c t  t h e  converse  i s  t h e  
c a s e ,  a s  i s  explored  i n  Chapter  5. 
1 .  Systems a n a l y s i s  has  e s t a b l i s h e d  a major c o n t r i b u t i o n  
t o  many problem a r e a s  i n  mining method evaluation--from 
c o a l  f a c e  des ign  through a l l  p roduc t ion  processes  t o  
c o a l  p r e p a r a t i o n .  There have been a very wide number 
o f  a p p l i c a t i o n s ,  a l though o f  course  t h e  degree o f  imple- 
mentat ion succes s  i n  each p a r t i c u l a r  problem a r e a  v a r i e s  
from count ry  t o  count ry .  
2 .  The techniques  used vary by problem a r e a ,  bu t  d e s c r i p t i v e  
modeling and s imu la t ion  models have achieved most s i g -  
n i f i c a n t  succes s ,  e s p e c i a l l y  where emphasis i s  p laced  
on s i m p l i c i t y  and communicabil i ty.  
3 .  The major r e s e a r c h  a r e a  f o r  systems a n a l y s i s  now i s  i n  
how t o  combine t h e  models of i n d i v i d u a l  sub-problems 
whi le  main ta in ing  t h e  advantages of  communicabil i ty.  
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CHAPTER IV--COMPARISON OF ALTERNATIVE TECHNOLOGIES 
( I n  p a r t i c u l a r  NEW TECHNOLOGIES) 
1. INTRODUCTION 
A l l  c o u n t r i e s  provided evidence of  a  s t r o n g  r o l e  f o r  systems 
a n a l y s i s  i n  t e c h n o l o g i c a l  assessment.  
USSR : manless mining 
Poland: new p roces ses  of  technology and o r g a n i z a t i o n  of 
longwal l  mining [ 4 1  
FRG : a new mining technology f o r  s t e e p l y  d ipp ing  f a c e s ;  
LHD equipment ( C 1 )  
UK : automated monitoring and c o n t r o l ;  underground gas- 
i f i c a t i o n ;  face-end design;  in-seam seismology [ 8 ]  
CSSR : a new mining technology 'PEEM' (no r e f e r e n c e )  
USA : high speed tunne l ing ;  h i s h  speed s h a f t  s i n k i n g ;  
h y d r a u l i c  t r a n s p o r t .  
A l l  of t h e  s t u d i e s  f e l l  i n t o  one of t h e  fo l lowing  broad 
t y p e s ,  wi th  some s t u d i e s  cover ing  more than  type:  
( a )  Assess ing t h e  new technology from an engineer ing/ techno-  
l o g i c a l  v iewpoint  
(b) Assess ing how t h e  new technology a f f e c t s  t h e  e x i s t i n g  
mine o p e r a t i o n s  
(c )  Assess ing t h e  l i k e l y  compet i t iveness  of t h e  new techno- 
logy ( i f  a  s u b s t i t u t e )  o r  i t s  b e n e f i t s  ( i f  an augmentary 
technology) 
( d )  Given o r  assuming s u c c e s s f u l  i n d i c a t i o n s  i n  1 . 1 ,  1 . 2  
and 1.3,  a s s e s s i n g  p o s s i b l e  r a t e s  of  i n t r o d u c t i o n  of t h e  
new technology.  
How systems a n a l y s i s  can c o n t r i b u t e  i n  t h e s e  fou r  a r e a s  i s  
reviewed i n  Sec t ions  2-5 below. 
ENGINEERING/TECHNOLOGICAL ASSESSMENT 
A t  l e a s t  t h r e e  r o l e s  f o r  systems a n a l y s i s  can be i d e n t i f i e d :  
( a )  Design o f  exper iments  
( b )  S t a t i s t i c a l  assessment o f  t e s t  d a t a  
( c )  Computer s imu la t ion  of  t h e  proposed working system, t o  
ensu re  t h a t  t h e  l o g i s t i c s  of  performance a r e  a s  in tended .  
Almost no examples o f  work i n  t h i s  s o r t  o f  a r e a  were d i scussed .  
(Hopefully t h i s  could be because systems a n a l y s i s  i s  now s o  w e l l  
e s t a b l i s h e d  h e r e  t h a t  such c o n t r i b u t i o n  i s  no longe r  worthy of 
comment.) The FRG descr ibed  one s imu la t ion  o f  a  p o s s i b l e  new 
mining technology,  composed of e lements  from e x i s t i n g  t echno log ie s ,  
f o r  s t e e p l y  d ipp ing  f aces ;  t h e  s tudy  had concen t r a t ed  i n i t i a l l y  
on whether t h e  des ign  was l o g i s t i c a l l y  sound. 
3. SYSTEM COMIPATIBILITY ASSESSMENT 
This  a r e a  i s  concerned wi th  t h e  c o m p a t i b i l i t y  of  t h e  new 
technology wi th  t h e  o t h e r  mine o p e r a t i o n s  wi th  which t h e  new pro- 
c e s s  must be i n t e g r a t e d .  I n  t h i s  a r e a ,  s imu la t ion  i s  obviously  
an e f f e c t i v e  technique  (a l though t h e  problems of  l i n k i n g  simula- 
t i o n  sub-models, d i s cus sed  i n  Chapter  3, must be borne i n  mind).  
Some of  t h e  s imu la t ion  models of  Poland and t h e  USSR [ 5 ,  1 1 ,  and 
121  can c l e a r l y  be used i n  t h i s  c o n t e x t ,  a s  could t h e  US t o t a l  
mine s imu la t ion  model o f  ( C 2 ) .  The UK desc r ibed  PREFECS, a  de- 
t a i l e d  s imu la t ion  model of c u t t i n g ,  l oad ing  and gate-end opera- 
t i o n s ,  which enab le s  t h e  mine engineer  t o  s e l e c t  t h e  b e s t  combina- 
t i o n  of  a v a i l a b l e  f a c e  and gate-end equipment f o r  a  g iven longwal l  
f ace .  S i m i l a r l y  t h e  s imu la t ion  of s u r f a c e  c o a l  f lows (C3, U K )  
has  been used t o  a s s e s s  t h e  l i k e l y  impact o f  new R.O.M. homo- 
g e n i z a t i o n  equipment on t h e  c a p a c i t i e s  planned f o r  t h e  rest of 
t h e  s u r f a c e  f a c i l i t i e s .  
Poland s t r e s s e d  s t r o n g l y  t h a t  i n  e v a l u a t i n g  t o t a l  system 
e f f e c t s  systems a n a l y s i s  should no t  be conf ined t o  t h e  t e c h m -  
l o g i c a l  subsystem. The s o c i a l  and o r g a n i z a t i o n a l  subsystems must 
a l s o  be taken  i n t o  account .  I n c r e a s i n g l y  i n  t h e  80s ,  t h e  e f f e c t s  
o f  new t echno log ie s  on t h e s e  subsystems might be e q u a l l y  a s  i m -  
p o r t a n t  a s  t h e  e f f e c t s  t h a t  can be s t u d i e d  by s imu la t ion .  This  
f i e l d  w i l l  be more c l o s e l y  analyzed a t  t h e  nex t  t a s k  f o r c e  meeting 
i n  Katowice (1981) .  Pre l iminary  work was r e p o r t e d ,  i n t roduc ing  a  
taxonomic method of  c l a s s i f y i n g  c o l l i e r i e s  i n t o  groups of s i m i l a r  
economic, o r g a n i z a t i o n a l  and s o c i a l  c h a r a c t e r i s t i c s  [31. 
4 .  ECONOMIC ASSESSMENT 
4 . 1  Simulat ion 
The FRG appeared t o  have most exper ience  of a t t empt s  t o  use 
s imu la t ion  f o r  f u l l  economic assessment of  a  new technology.  I n  
a d d i t i o n  t o  t h e  model of t h e  new mining technology f o r  s t e e p l y  
d ipp ing  f a c e s  c i t e d  i n  Sec t ion  2 above, a  model f o r  ana lyz ing  t h e  
l i k e l y  b e n e f i t s  of LED equipment was desc r ibed  ( C 1 ) .  The i n v e s t i -  
g a t i o n  of  t h e  technology f o r  s t e e p l y  d ipp ing  f a c e s  had e v e n t u a l l y  
proved t h a t  t h e o r e t i c a l l y  t h e  new technology was a t  l e a s t  equa l  
t o  longwal l  mining i n  terms of economics. However, no p r a c t i c a l  
a p p l i c a t i o n  had ensued.  One reason f o r  t h i s  was t h a t  t h e  simula- 
t i o n  model had been inexorab ly  drawn i n t o  i n c r e a s i n g l y  minute 
t e c h n i c a l  q u e s t i o n s ,  t o  t h e  e x t e n t  t h a t  t h e  o v e r a l l  aim had become 
obscured. The FRG was of t h e  op in ion  t h a t  f o r  t h i s  and o t h e r  rea-  
sons s imu la t ion  is  a  very good t o o l  t o  i d e n t i f y  which technologi -  
c a l  l i n e s  not t o  fo l low,  b u t  l e s s  u s e f u l  i n  q u a n t i f y i n g  t h e  supe- 
r i o r i t y  of new t echno log ie s  which should be taken  up. 
4 . 2  General Economic Appra i sa l  
The US s t r o n g l y  b e l i e v e d  t h a t  t h e  systems a n a l y s i s  r o l e  is  
i n  t o t a l  economic a p p r a i s a l  wi thout  d e t a i l e d  s imu la t ion .  The UK 
suppor ted  t h i s  assessment  r o l e ,  c i t i n g  f o r  example a  r e c e n t  s tudy  
of  underground g a s i f i c a t i o n  ( C 4 ) .  The s tudy  involved economic 
comparison of  e x t r a c t i o n ,  convers ion and u t i l i z a t i o n  p roces ses  of 
t h e  a l t e r n a t i v e  technology wi th  t hose  o f  convent iona l  technology,  
and concluded t h a t  t h e  new technology would no t  be economically 
v i a b l e  f o r  some cons ide rab le  t i m e .  Again, t h e r e  was a  f e e l i n g  
du r ing  t h e  s e s s i o n  d i s c u s s i o n  t h a t  it i s  e a s i e r  t o  demonstrate 
o b j e c t i v e  and l o g i c a l  assessment when r e j e c t i n g  a  p o s s i b l e  new 
technology than  when recommending it. 
I t  emerged t h a t  t h e r e  i s  a  s t r o n g e r  r o l e  i n  economic a s s e s s -  
ment when t h e  new technology is  evo lu t iona ry  r a t h e r  t han  revolu- 
t i o n a r y ,  and when t h e  problem a r e a  i s  r e l a t i v e l y  w e l l  def ined .  
An example h e r e  i s  t h e  UK s tudy  of t h e  b e n e f i t s  of  in-seam s e i s -  
mology i n  c o l l i e r i e s  wi th  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  [ 8 1 ;  one 
of  t h e  o b j e c t i v e s  of  t h e  s tudy  is  t o  d e f i n e  t h e  o p e r a t i o n a l  
c h a r a c t e r i s t i c s  t h a t  woul2 be necessary  f o r  t h e  new technology t o  
show a  b e n e f i t .  A s i m i l a r  philosophy i s  shown by an FRG s tudy  
( r e f e r e n c e  n o t  g iven)  of d i f f e r e n t  t unne l ing  methods i n  d i f f e r e n t  
rocks  and t h e  e v a l u a t i o n  of  t h e  r e l a t i v e  b e n e f i t s  of  d i f f e r e n t  
p o s s i b l e  marginal  improvements t o  d r i l l i n g  technology.  
4.3 The Problems of Uncer ta in ty  
A major reason f o r  t h e  r e l a t i v e  f a i l u r e  of  systems a n a l y s i s  
observed i n  4 . 1  and t o  some e x t e n t  4 . 2  i s  t h e  problem of est ima- 
t i o n  of performance and o t h e r  economic d a t a .  While one of t h e  
purposes of s imu la t ion  may w e l l  be t o  a t t empt  t o  reduce such un- 
c e r t a i n t y ,  t h e  b e s t  source  of key d a t a  i s  t o  c o n s u l t  e x p e r t s ,  and 
t o  hope t h a t  a  consensus view emerges. This i s  a  hazardous pro- 
c e s s .  I f  t h e  e x p e r t s  d i f f e r  t o o  widely ,  t hen  s c e n a r i o  a n a l y s i s  
i s  p o s s i b l e ;  however, it becomes c l e a r e r  why t h e  formal t echniques  
a r e  more o f t e n  t r u s t e d  when r e j e c t i n g  new t echno log ie s .  
5.  GROWTH RATE ASSESSMENT 
Looking 10-20 y e a r s  ahead ,  r e v o l u t i o n a r y  new p r o c e s s e s  w i l l  
be n e c e s sa r y  i n  t h e  n e x t  phase  o f  development o f  t h e  mining indus-  
t r y .  Whether e n g i n e e r i n g  assessment ,  sys tem c o m p a t i b i l i t y  a s s e s s -  
ment, and economic assessment  i s  proved f a v o r a b l e  o r  s imply  
assumed t o  be  f a v o r a b l e ,  t h e r e  remains t h e  s e p a r a t e  problem o f  
d e t e r m i n i n g  t h e  l i k e l y  r a t e  o f  i n t r o d u c t i o n  o f  t h e  new technology.  
Czechsolovakia  i s  deve lop ing  a  dynamic s i m u l a t i o n  model o f  new 
techno logy  i n t r o d u c t i o n ;  t h e  t echno logy  i t s e l f ,  PEEM i s  assumed  
t o  be t e c h n o l o g i c a l l y  f e a s i b l e  and economical ly  v i a b l e .  A t  an 
even  more g e n e r a l  l e v e l ,  t h e  approaches  u t i l i z i n g  S-shaped develop- 
ment c u r v e s ,  p o p u l a r i z e d  by Marche t t i  a t  IIASA, may be a p p l i c a b l e .  
Such models ap p l y  s i m p l e  commercial ma rke t -pene t r a t i on  models t o  
sys tems where t h e  ' m a r k e t '  i s  a  less obv ious ly  d e f i n e d  consumer 
group,  f o r  example ' n a t i o n a l  pr imary f u e l  u s a g e ' ,  o r  'powered sup- 
p o r t  u s a g e ' .  The most u r g e n t  q u e s t i o n  h e r e  i s  whether  it i s  pos- 
s i b l e  t o  i d e n t i f y  t h e  p o t e n t i a l  winner  w h i l e  it i s  beg inn ing  t o  
happen, s o  t h a t  f u r t h e r  r e s o u r c e s  can be  pushed i n t o  it. The 
s e s s i o n  d i s c u s s i o n  was g e n e r a l l y  p e s s i m i s t i c  t h a t  sys tems a n a l y s i s  
can c u r r e n t l y  o f f e r  an y t h ing  o v e r  and above t h e  judgment o f  mining 
e n g i n e e r s .  The M a r c h e t t i  phenomenological  approach is  ex t remely  
u s e f u l  i n  p r e d i c t i n g  t h e  growth r a t e  o f  a  new techno logy  once ,  s ay ,  
10% of t h e  ' m a r k e t '  i s  ach ieved ;  however t h e  growth curve  i s  un- 
d e f i n e d  a t  ve ry  low market  s h a r e s ,  and t h e  problem under d i s cus -  
s i o n  i s  e x a c t l y  t h a t  o f  i d e n t i f y i n g  which t e c h n o l o g i e s  a r e  l i k e l y  
t o  c r o s s  t h e  10% p o i n t .  
6 .  SUMMARY AND CONCLUSIONS 
1. A s t r o n g  w e l l - e s t a b l i s h e d  r o l e  f o r  sys tems a n a l y s i s  i n  
e v a l u a t i n g  e v o l u t i o n a r y  changes t o  t e c h n o l o g i c a l  pro-  
c e s s e s  i s  i d e n t i f i e d .  Th i s  c o n t r i b u t i o n  a p p l i e s  a t  a l l  
l e v e l s  from e n g i n e e r i n g  assessment ,  t o  sys tem compat- 
i b i l i t y  assessment  th rough  t o  economic assessment .  A 
range o f  t e c h n i q u e s  a r e  a p p l i c a b l e ,  w i t h  s i m u l a t i o n  
models b e i n g  p a r t i c u l a r l y  a p p r o p r i a t e .  
2. For r e v o l u t i o n a r y  t e c h n o l o g i e s ,  t h e  sys tems a n a l y s i s  
c o n t r i b u t i o n  t o  d a t e  ha s  been less c l e a r  c u t .  A l l  t ech-  
n i q u es  s u f f e r  because  o f  t h e  problems o f  u n c e r t a i n t y ,  
and t h e  amount o f  d e t a i l  r e q u i r e d  f o r  s i m u l a t i o n  models 
may o b scu r e  o b j e c t i v e s .  Because o f  t h e s e  r e a s o n s ,  
systems a n a l y s i s  i s  o f t e n  more u s e f u l  i n  r e j e c t i n g  new 
t e c h n o l o g i c a l  p a t h s ,  r a t h e r  t h a n  recommending them. 
3 .  Systems a n a l y s i s  h a s  n o t  y e t  s o l v e d  t h e  problem of  
i d e n t i f y i n g  p o t e n t i a l l y  s u c c e s s f u l  t e c h n o l o g i e s  a t  e a r l y  
s t a g e s .  Consequent ly  growth r a t e  p r e d i c t i o i l s  a r e  
hazardous .  
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CHAPTER V - - F I N D I N G  THE BEST M I N I N G  SOLUTION 
(Taking Uncer ta in ty  I n t o  Account) 
1 .  INTRODUCTION 
This  chap te r  p u l l s  t o g e t h e r  t h e  t h r e a d s  l a i d  down i n  Chapters  
11, 111, and I V .  We have e s t a b l i s h e d  how systems a n a l y s i s  can 
a s s i s t  i n :  des ign  o f  e x p l o r a t i o n  and q u a n t i f i c a t i o n  of r e s e r v e s ;  
a n a l y s i s  of  each problem a r e a  connected wi th  des ign ing  a  mine 
p l an ;  ana lyz ing  t h e  e f f e c t s  of  new t echno log ie s .  There s t i l l  
remains t h e  o v e r a l l  problem: given a  block of deep c o a l  
-- What i s  t h e  b e s t  way t o  mine i t ?  
-- What i s  t h e  op t imal  annual  r a t e  o f  product ion? 
-- What i s  t h e  b e s t  l o c a t i o n  of  s h a f t s / d r i f t s  ( s )  from t h e  
mining p o i n t  of  view? 
Seve ra l  c o u n t r i e s  have t a c k l e d  t h i s  o v e r a l l  problem i n  depth:  
t h e  approaches of  fou r  i s  documented i n  Sec t ion  2 ,  t o g e t h e r  wi th  
implementation success .  D i f f i c u l t i e s  encountered,  and s i m i l a r i -  
t i es  and d i f f e r e n c e s  between t h e  va r ious  approaches ,  a r e  d i scus sed  
i n  Sec t ion  3 under t h e  headings I n t e r r e l a t i o n s h i p s ;  Uncer ta in ty ;  
and Decision C r i t e r i a  and El imina t ion  of  A l t e r n a t i v e s .  
2. NATIONAL APPROACHES 
2.1 FRG 
The method f o r  long term planning of  p roduc t ion  and u t i l i z a -  
t i o n  of p roduc t ion  c a p a c i t y  has  been developed a t  Ruhrkohle AG 
f o r  27 c o a l  mines ( D l ) .  The comparison of  mining a l t e r n a t i v e s  
i s  achieved us ing  a  s t a n d a r d  method which t a k e s  i n t o  account:  
degree  of  e x p l o r a t i o n ,  t e c t o n i c  cond i t i ons  i n  t h e  working seams; 
de te rmina t ion  of  f a c e  produc t ion  c a p a c i t i e s  on t h e  b a s i s  o f  
r e g r e s s i o n  a n a l y s i s  of  d a t a  from c u r r e n t  working pane l s ;  ba lanc ing  
product ion c a p a c i t i e s  from new pane ls  wi th  c a p a c i t i e s  of o t h e r  
s e c t i o n s  of t h e  produc t ion  process ;  t h e  de t e rmina t ion  of  c r i t e r i a  
f o r  f i x i n g  a p p r o p r i a t e  f a c e  replacement;  c o a l  q u a l i t y  c o n s t r a i n t s ;  
c o s t  e s t i m a t e s .  
The method has provided a  sound b a s i s  f o r  t h e  a n a l y s i s  of t h e  
product ion a c t i v i t y  of  Ruhrkohle AG. 
2.2 Poland 
Poland have developed a  l a r g e  o p t i m i z a t i o n  system, MOBAR [71 , 
which l i n k s  t o g e t h e r  t h e  b e s t  mining s o l u t i o n  f o r  a  g iven block 
of  r e s e r v e s  w i t h i n  t h e  new p rospec t ,  through t o  op t imiza t ion  of 
t h e  r e g i o n a l  and t h e  n a t i o n a l  mining p lan .  The MOBAR system 
p l a c e s  more emphasis on r e g i o n a l  and n a t i o n a l  a s p e c t s  t han  on t h e  
indiviGual  mine unit:  To balance t h i s ,  Poland has a l s o  developed 
an extremely d e t a i l e d  s imu la t ion  model, SPP.l,  which ana lyzes  t h e  
c o s t s  and t iming of  any given new mine development a l t e r n a t i v e  
[ 6 1 .  SPP.l has been a p p l i e d  i n  t h e  a n a l y s i s  of a l t e r n a t i v e s  a t  
22 mines. The system i s  more f r e q u e n t l y  used t o  d e t e c t  and over- 
come p o t e n t i a l  b o t t l e n e c k s  i n  t h e  produc t ion  p roces s ,  o r  t o  ana- 
l y z e  t h e  p o s s i b i l i t i e s  of  sho r t en ing  t h e  lead t imes  i n  reach ing  
t a r g e t  product ion.  Economic comparison of a l t e r n a t i v e s  is regarded 
a s  a  secondary o b j e c t i v e .  The system has been compared wi th  t r a d i -  
t i o n a l  p lanning  methods by performing p a r a l l e l  p lanning  e x e r c i s e s ;  
use of  SPP.l achieved s i g n i f i c a n t  r educ t ions  i n  planned c a p i t a l  
and o p e r a t i n g  c o s t s .  
The UK approach t o  f i n d i n g  t h e  b e s t  mining s o l u t i o n  concen- 
t r a t e s  on sub-problem a r e a s .  Following c l o s e  involvement wi th  
new mine p lanning ,  models s p e c i f i c  t o  new mines have been developed 
i n  s e v e r a l  a r e a s :  r e s e r v e s  assessment ,  underground l a y o u t  a s se s s -  
ment, manpower requi rements ,  manpower a v a i l a b i l i t y ,  s u r f a c e  c o a l  
flow s imu la t ion ,  f i n a n c i a l  assessment models [91 , (D2) . I n  addi-  
t i o n ,  models f o r  e x i s t i n g  c o l l i e r i e s  a r e  adapted and used where 
r e l e v a n t ,  e . g . ,  underground c o a l  flow s imu la t ion ,  v e n t i l a t i o n  
assessment.  Taken t o g e t h e r ,  t h e  set of models r e p r e s e n t  an a l -  
most complete new mine p lanning  package; however no a t tempt  i s  
e v e r  made t o  l i n k  them t o g e t h e r  au toma t i ca l ly .  The emphasis is  
p l aced  on r a p i d  e v a l u a t i o n  of  i n d i v i d u a l  problems, wi th  c l o s e  
c o l l a b o r a t i o n  of t h e  systems a n a l y s t s  wi th  t h e  mine p lanners  and 
eng inee r s  a t  a l l  s t a g e s  of p lanning.  Seve ra l  o f  t h e  models a r e ,  
however, very much concerned wi th  b r i n g i n g  t o g e t h e r  t h e  work of 
d i f f e r e n t  s p e c i a l i s t s ;  f o r  example t h e  r e s e r v e s  assessment computer 
system, Geoplan, i s  designed s o  t h a t  it i s  of  equa l  use t o  both 
t h e  g e o l o g i s t  and t h e  mining engineer .  
Most o f  t h e  models s p e c i f i c  t o  new mines were developed and 
used dur ing  t h e  planning of one p a r t i c u l a r  p rospec t  from 1976 on- 
wards, and they  have s i n c e  been used a t  o t h e r  l a t e r  p rospec t s  a s  
app rop r i a t e .  
2.4 USSR 
The USSR a r e  developing an op t imiz ing  mine p lanning  system, 
SAPR-COAL [ I  21 , which covers  a l l  t e c h n i c a l  s p e c t s  of  new mine 
planning.  The o b j e c t i v e s  a r e  t o  improve t h e  t e c h n i c a l  and eco- 
nomic l e v e l  of planned e n t e r p r i s e s ,  t h e  p r o d u c t i v i t y  of p l anne r s ,  
and t h e  q u a l i t y  of  p r o j e c t  documents. The system is  designed t o  
mesh i n t o  t h e  n a t i o n a l  and r e g i o n a l  p lanning  op t imiza t ion  systems,  
a s  descr ibed  i n  t h e  g e n e r a l  paper  on t h e  USSR Systems Approach t o  
Coal Indus t ry  Development [ I  1 1 .  Problem a r e a s  o f  mine planning 
covered inc luded  c o a l  mining, c o a l  t r a n s p o r t ,  c o a l  bunkerage, 
v e n t i l a t i o n ,  a u x i l i a r y  t r a n s p o r t ,  gas  emiss ion ,  e t c .  A s u i t e  of 
p lanning  models i s  being  developed f o r  each problem a r e a :  f o r  
example, (D3) d e s c r i b e s  a  set of  e lements  of  SAPR-COAL cover ing  
c l a s s i f i c a t i o n  and modeling of  mining and g e o l o g i c a l  cond i t i ons ;  
s p a t i a l  d e s c r i p t i o n s  of  geometr ic  and p h y s i c a l  p r o p e r t i e s  o f  t h e  
rock massive; and f o r e c a s t s  of geomechanical p roces ses  and mining 
cond i t i ons  du r ing  o p e r a t i o n s .  
SAPR-COAL has  a l s o  been compared wi th  t r a d i t i o n a l  p lanning 
methods by performing p a r a l l e l  p lanning  e x e r c i s e s .  The system 
achieved r educ t ions  i n  planned c a p i t a l  and o p e r a t i n g  c o s t s  of  up 
t o  I S % ,  and t h e  mining s o l u t i o n s  recommended by SAPR-COAL were 
adopted.  A s  t h e  USSR noted  du r ing  t h e  s e s s i o n  d i s c u s s i o n ,  t r u e  
v a l i d a t i o n  can on ly  be performed once produc t ion  has  begun. 
3. DIFFICULTIES ENCOUNTERED 
3.1 I n t e r r e l a t i o n s h i p s  
Two o f  t h e  main d i f f i c u l t i e s  w i th  new mine p lanning  a t  t h i s  
l e v e l  a r e  ( a )  t o  i d e n t i f y  t h e  i n t e r r e l a t i o n s h i p s  between d i f f e r e n t  
subproblem a r e a s  a c c u r a t e l y ,  and (b )  t o  i d e n t i f y  t h e  d i r e c t i o n  
of  in format ion  flow between subproblen a r e a s .  These two d i f f i c u l -  
t i es  a r e  r e l a t e d  b u t  d i s t i n c t :  n o t  on ly  must t h e  p lanning  system 
ensure  t h a t  t h e  consequences o f  ana lyses  i n  one a r e a  a r e  f u l l y  
r e f l e c t e d  i n  a l l  o t h e r  subproblem a r e a s ;  i t  should  a l s o  ensure  
t h a t  t h e  c o r r e c t  subproblem a r e a s  a r e  ' d r i v i n g '  t h e  a n a l y s i s ,  
t h a t  is  t h e  system must i d e n t i f y  those  c o n s t r a i n t s  which a r e  most 
c r i t i c a l l y  a f f e c t i n g  t h e  choice  of  mining s o l u t i o n .  
The systems a n a l y s i s  c o n t r i b u t i o n  t o  t h i s  Planning f o r  Plan- 
n ing  d i f f i c u l t y  can come i n  two ways. W e  can aim f o r  e i t h e r  a  
s t r u c t u r e d  s o l u t i o n  o r  a  more pragmatic approach.  The approaches 
desc r ibed  i n  Sec t ion  2 from t h e  FRG, Poland, and t h e  USSR a r e  a l l  
s t r u c t u r e d  approaches.  They assume t h a t  t h e  i n t e r r e l a t i o n s h i p s ,  
and t h e  d i r e c t i o n  of i n f l u e n c e ,  can be i d e n t i f i e d  and set  down 
i n  advance. The advantages  o f  such an approach a r e  c l e a r ;  from 
t h e  beginning t h e  mining e n g i ~ e r ,  mine planned and systems a n a l y s t  
a r e  working t o  a  common s t r u c t u r e ,  and p lanning  a c t i v i t i e s  can be 
planned and scheduled accord ing ly .  The UK f avo r  t h e  non-s t ruc tured  
approach. Reference [ 9 1  d i s c u s s e s  how t h e  d i r e c t i o n  o f  in format ion  
flow might vary even i n  one p a r t i c u l a r  p rospec t  a t  v a r i o u s  t i m e s  
a s  new d a t a  becomes a v a i l a b l e ,  and shows how it w i l l  c e r t a i n l y  
vary between P rospec t s .  Therefore ,  t h e  t o t a l  s t r u c t u r e  l i n k i n g  
a l l  subproblem a r e a s  is  2 i f f i c u l t  i n  concept  and p o s s i b l y  dangerous 
i n  use.  The advantages  of  t h i s  approach a r e  f l e x i b i l i t y ,  and an 
a b i l i t y  t o  respond r a p i d l y  t o  new informat ion  o r  assumptions;  t h e  
d i sadvantages  a r e  t h a t  schedul ing  of p lanning  a c t i v i t i e s  i s  more 
d i f f i c u l t ,  and p o s s i b l y  t h a t  a  h igh emphasis i s  placed  on cont inuous 
d i s c u s s i o n  between mining eng inee r  and a n a l y s t .  
3 . 2  U n c e r t a i n t y  
Another  major  d i f f i c u l t y  i s  u n c e r t a i n t y .  Whether t h e  over-  
a l l  approach is  s t r u c t u r e d  o r  u n s t r u c t u r e d ,  one o f  t h e  major  r o l e s  
o f  t h e  sys tems a n a l y s t  i s  t o  e n s u r e  t h a t  t h e  p l a n n e r  i s  made aware 
o f  t h e  i m p l i c a t i o n s  o f  u n c e r t a i n t y ,  and t h a t  t h e  d e c i s i o n s  h e  
t a k e s  a r e  r o b u s t  i n  t h e  f a c e  of  u n c e r t a i n t y .  Two d i s t i n c t  t y p e s  
o f  u n c e r t a i n t y  emerge : 
( a )  The u n c e r t a i n t y  on f u t u r e  c o s t  and p r o d u c t i v i t y  t h a t  i s  
n a t u r a l l y  a s s o c i a t e d  w i t h  an  expanding i n d u s t r y  c o n s t a n t l y  
i n t r o d u c i n g  and u t i l i z i n g  new t e c h n o l o g i e s .  I n  t h i s  
r e s p e c t  t h e  c o a l  mining i n d u s t r y  i s  no d i f f e r e n t  from 
any o t h e r  i n d u s t r y  and f o r e c a s t i n g  t e c h n i q u e s ,  and methods 
used t o  r educe  u n c e r t a i n t y ,  would b e  p a r a l l e l e d  i n  any 
o t h e r  i n d u s t r y  d i s c u s s i o n .  For  example, Poland g i v e  a  
p a r t i c u l a r l y  d e t a i l e d  a c c o u n t  o f  r e g r e s s i o n  a n a l y s i s  o f  
c u r r e n t  per formance  and c o s t  d a t a  i n  [6]. The impor tance  
o f  c o n t i n u a l l y  improving t h e  c o l l e c t i o n  and o r g a n i z a t i o n  
of c u r r e n t  a c t u a l  d a t a ,  t a k i n g  advan tage  o f  improving 
computer t echno logy ,  i s  s t r e s s e d  by a l l  c o u n t r i e s .  
The u n c e r t a i n t y  a s  t o  g e o l o g i c a l  s t r u c t u r e  which i s  
unique  t o  t h e  c o a l  mining i n d u s t r y .  Only t h e  mining 
i n d u s t r y  p l a y s  such  a  game a g a i n s t  n a t u r e ,  and p e r h a p s  
o n l y  t h e  deep-mine c o a l  i n d u s t r y  w i t h  such  l i m i t e d  i n f o r -  
mat ion .  The form o f  t h i s  u n c e r t a i n t y  means t h a t  t h e  uni -  
f y i n g  o f  r i s k  measurements i n  q u a n t i f i a b l e  u n i t s  such a s  
t o n n e s  o r  money i s  u n i q u e l y  d i f f i c u l t .  Var ious  a t t e m p t s  
t o  q u a n t i f y  t h e  q u a l i t a t i v e  a r e  d e s c r i b e d  i n  t h e  r e p o r t  
o f  S e s s i o n  1 on Reserves  Assessment .  
I n  some s e n s e s  t h e  ' u n s t r u c t u r e d '  approach o f  t h e  UK a l l o w s  
more scope  and f l e x i b i l i t y  f o r  a n a l y z i n g  t h e  i m p l i c a t i o n s  o f  un- 
c e r t a i n t y .  Refe rence  [9] g i v e s  s e v e r a l  examples o f  how such  
i m p l i c a t i o n s  can  b e  h i g h l i g h t e d  f o r  s p e c i f i c  subproblems,  and how 
t h e  d i r e c t i o n s  of  a  p l a n n i n g  s t u d y  might  change g i v e n  such  i n f o r -  
mat ion .  
3 . 3  Decis ion  C r i t e r i a :  E l i m i n a t i o n  o f  A l t e r n a t i v e s  ( V a r i a n t s )  
A major  c o n t r i b u t i o n  o f  sys tems a n a l y s i s  i s  t h a t  it a l l o w s  
t h e  i d e n t i f i c a t i o n  and a n a l y s i s  o f  many more a l t e r n a t i v e s  t h a n  
i s  p o s s i b l e  by t r a d i t i o n a l  p l a n n i n g  methods. A s  commented i n  
[61 from Poland " a  q u i t e  e s s e n t i a l  o b s t a c l e  i n  widening t h e  scope  
o f  v a r i a n t s .  . .was t h e  h i g h  l a b o r i o u s n e s s .  . . t h e  t r a d i t i o n a l  methods 
o f  v a r i a n t s  a p p r a i s a l " .  
Immediately a  new d i f f i c u l t y  a r i s e s .  A l l  a l t e r n a t i v e s  canno t  
be f u l l y  e v a l u a t e d .  Given t h e  c a p a c i t y  t o  c o n s i d e r  t h e  a lmos t  
i n f i n i t e  set o f  p o s s i b l e  a l t e r n a t i v e s ,  how s h o u l d  t h i s  set be 
reduced i n  s u c c e s s i v e  s t a g e s ,  (where i n  each  s t a g e  t h e  a l t e r n a -  
t i v e s  l e f t  a r e  d e f i n e d  i n  i n c r e a s i n g  d e t a i l ) ,  s o  a s  t o  emerge w i t h  
t h e  f i n a l  recommended s o l u t i o n ?  T h i s  problem h o l d s  b o t h  f o r  t h e  
' s t r u c t u r e d '  and t h e  ' u n s t r u c t u r e d '  approaches .  I n  t h e  s t r u c t u r e d  
approach t h e  o r d e r  i n  which d e c i s i o n  c r i t e r i a  a r e  t o  be  a p p l i e d  
must be  l a i d  down i n  advanced,  i n  t h e  u n s t r u c t u r e d  approach t h e  
c o r r e c t  c r i t e r i o n  must  b e  i d e n t i f i e d  a t  e a c h  s t a g e  a s  it i s  reached .  
The d i f f i c u l t y  i s  exacerba ted  once ' u n c e r t a i n t y '  a s  t o  dec i -  
s i o n  c r i t e r i a  i s  in t roduced .  That  s e v e r a l  c r i t e r i a  a r e  p o s s i b l e  
a t  any one l e v e l  of management i s  r e f l e c t e d  i n ,  f o r  example, t h e  
use of f i v e  p o s s i b l e  o b j e c t i v e  func t ions  i n  t h e  P o l i s h  SPP.l sys-  
tem [6]. I n  add i t i on ,  ( a )  weights  g iven  t o  c r i t e r i a  w i l l  d i f f e r  
wi th  t h e  p o s i t i o n  of  t h e  decision-maker i n  t h e  decision-making 
h i e ra rchy ,  ( b )  t hey  w i l l  change wi th  t ime.  The USSR p r e s e n t s  a  
p a r t i c u l a r l y  thorough d i s c u s s i o n  of t h i s  problem i n  [ I  31 --"under 
t h e  cond i t i on  o f  in format ion  indeterminacy ... i n  major ca ses  it i s  
impossible  t o  fo rmula te  t h e  c r i t e r i o n  system i n  advance. . . t h e  
c r i t e r i o n  system could be revea led  under f avo rab le  cond i t i ons  
on ly  a f t e r  t h e  p lanning  process" .  The paper  goes on t o  recommend 
a  t h e o r e t i c a l  system of planner-computer d ia logue  whereby t h e  
problem can be amel iorated-- in  t heo ry ,  a  ta i lor-made computer 
model f o r  every  s e p a r a t e  decision-maker i s  necessary .  
On one m a t t e r  a l l  c o u n t r i e s  agree .  Whatever approach i s  
used,  whatever r e s o l u t i o n  of  t h e  above d i f f i c u l t i e s  i s  mad a t  any 
one t ime,  t h e  importance of  cont inuous d ia logue  a t  a l l  d e c i s i o n  
s t a g e s  between mine p l anne r ,  computer, (and systems a n a l y s t )  i s  
paramount. Even t h e  most s t r u c t u r e d  approach no longer  looks  
f o r  a  completely au tomat ic  s o l u t i o n .  
4. SUMMARY AND CONCLUSIONS 
1 .  I n  a t  l e a s t  f o u r  of t h e  major c o a l  producing n a t i o n s ,  
systems a n a l y s i s  i s  making a  major p r a c t i c a l  c o n t r i b u t i o n  
t o  d e c i s i o n s  a s  t o  optimum s i z e  and l o c a t i o n  of mine ( s )  
f o r  new deep mine p rospec t s .  This  c o n t r i b u t i o n  e x i s t s  
over  and above t h e  c o n t r i b u t i o n  t h a t  i s  made i n  i nd iv id -  
u a l  subproblem a r e a s .  
2 .  The c o n t r i b u t i o n  can a s s i s t  t h e  mine p lanner  i n  many 
ways , e .  g .  , i n :  
( a )  i d e n t i f y i n g  i n t e r r e l a t i o n s h i p s  between subproblem 
a r e a s ,  
( b )  i d e n t i f y i n g  d i r e c t i o n  of  in format ion  flow between 
subproblem a r e a s ,  
( c )  h i g h l i g h t i n g  t h e  i m p l i c a t i o n s  of  u n c e r t a i n t y ,  
(d l  a l lowing  t h e  c o n s i d e r a t i o n  of  many more a l t e r n a t i v e s  
than  i s  p o s s i b l e  by t r a d i t i o n a l  methods, and 
( e )  a s s i s t i n g  i n  t h e  r a t i o n a l  cho ice  and a p p l i c a t i o n  of  
d i f f e r e n t  d e c i s i o n  c r i t e r i a  a t  succes s ive  s t a g e s .  
3 .  There e x i s t  many unsolved d i f f i c u l t i e s  connected wi th  
such a s s i s t a n c e .  The t r ea tmen t  of  t h e s e  d i f f i c u l t i e s  
does and w i l l  d i f f e r  w i t h  n a t i o n a l  custom and p r a c t i c e .  
Fu r the r  t h e o r e t i c a l  r e sea rch ,  and more impor t an t ly  
f u r t h e r  i n t e r n a t i o n a l  exchange of  p r a c t i c a l  exper ience  
i n  new mine p lanning  a s  t h i s  exper ience  accumulates,  
w i l l  a s s i s t  systems a n a l y s t s  i n  improving t h e  r e s o l u t i o n  
of  t h e s e  d i f f i c u l t i e s  w i th in  t h e i r  n a t i o n a l  mi l i eu .  
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CHAPTER VI--ENVIRONMENTAL FACTORS AND T H E I R  
RELATIONSHIP TO THE BEST M I N I N G  SOLUTION 
1. INTRODUCTION 
Environmental  c o n s i d e r a t i o n s  a r e  o f  i n c r e a s i n g  impor tance  i n  
t h e  p l a n n i n g  of any major  i n d u s t r i a l  a c t i v i t y  and t h e  c o a l  indus-  
t r y  i s  c e r t a i n l y  no ex cep t i on .  The p r e c i s e  way i n  which t h e s e  
c o n s i d e r a t i o n s  a f f e c t  t h e  p l ann ing  p r o c e s s  may vary  from count ry  
t o  coun t ry  b u t  t h e  consequences a r e  s u b s t a n t i a l l y  t h e  same- - fu l l e r  
and more d e t a i l e d  p l an n i ng  i s  nece s sa ry  and c o n s t r a i n t s  may be s o  
f i e r c e  t h a t  c o a l  i n d u s t r i e s  may have t o  adop t  a  p l a n  which i s  sub- 
o p t i m a l  from a  mining p o i n t  of  view. Before  d i s c u s s i o n  t h e  r o l e  
o f  sys tems a n a l y s i s ,  t h e r e f o r e ,  a  b r i e f  d e s c r i p t i o n  of  t h e  e f f e c t  
o f  t h e  environment on t h e  p l ann ing  p r o c e s s  i t s e l f  i s  r e l e v a n t .  
The sys tem of p l an n i ng  i n q u i r i e s  used i n  t h e  UK p r o v i d e s  f o r  
t h e  o p p o r t u n i t y  f o r  l o c a l  c o u n c i l s ,  p r e s s u r e  g roups ,  o r  even i n d i -  
v i d u a l s  t o  r a i s e  o b j e c t i v e s  t o  any p a r t ,  major  o r  minor ,  o f  t h e  
p l a n n i n g  submiss ion.  I n d u s t r y  ha s  t o  p r e p a r e  i t s  c a s e  most 
thoroughly  and c a r e f u l l y .  I n  Poland,  t h e r e  a r e  s t a t u t o r y  l i m i t a -  
t i o n s  a s  t o  where s t r u c t u r e s  may be  b u i l t  ( f o r  i n s t a n c e ,  n o t  on 
c e r t a i n  l a n d  c a t e g o r i e s )  and p l a n s  f o r  c o a l f i e l d  development have 
t o  p a s s  th rough  many I n s t i t u t i o n s ,  pe rhaps  20 i n  a l l ,  i n v o l v i n g  
around 50 s e p a r a t e  ap p r o va l s .  I n  a d d i t i o n ,  t h e  P o l i s h  mining 
i n d u s t r y  h a s  a d d i t i o n a l  burdens  t o  shou lde r .  A s  i t  i s  t h e  l e a d i n g  
i n d u s t r y  i n  Poland,  t h e  c o a l  i n d u s t r y  i s  g iven  r e s p o n s i b i l i t y  n o t  
o n l y  f o r  p l a n n i n g  i t s  mining development b u t  a l s o  f o r  p l ann ing  
t h e  whole economic and s o c i a l  i n f r a s t r u c t u r e .  Thus, t h e  mining 
i n d u s t r y  h a s  t o  demons t ra te  how p r o v i s i o n s  f o r  hous ing ,  s e r v i c e s ,  
e d u c a t i on  and a n c i l l a r y  i n d u s t r i e s  can b e  made--tasks which else- 
where may be w i t h i n  t h e  r e s p o n s i b i l i t y  o f  l o c a l  government. Year- 
by-year more r e g u l a t i o n s  and r e s t r i c t i o n s  a r e  b e i n g  i n t r o d u c e d  
which a r e  a f f e c t i n g  mining economics. The p o s i t i o n  i n  t h i s  r e s p e c t  
is  n o t  d i s s i m i l a r  i n  t h e  USSR where i t  i s  e s t i m a t e d  t h e  10-201 of  
t h e  c o n s t r u c t i o n  c o s t s  of  a  new mine a r e  devo ted  s p e c i a l l y  t o  
environmental  p r o t e c t i o n  ( t h e  f i g u r e  i s  a s  high a s  35% f o r  open- 
c a s t  s i t e s ) .  I n  t h e  FRG, p l a n s  have t o  p a s s  through t h e  Local  
Planning Committee, b u t  having done o s  may be  o b j e c t e d  t o  by any 
group o r  any person .  The Nat iona l  Environmental  P r o t e c t i o n  Act 
p rov ides  f o r  a  fo rmal ized  s t r u c t u r e  i n  t h e  USA--even S O ,  a f t e r  
g e t t i n g  t h e  neces sa ry  approva l  i n  t h e  form of  a  mining pe rmi t ,  
any o p p o s i t i o n  can s t i l l  r e s o r t  t o  Court  a c t i o n  adding t o  t h e  
expense and de l ay .  
The environment,  t h e r e f o r e ,  is  an impor tan t  i n f l u e n c e  on new 
c a p a c i t y  p lann ing .  The remainder o f  t h i s  c h a p t e r  d e s c r i b e s  t h e  
c o n t r i b u t i o n  of sys tems a n a l y s i s  on i n d i v i d u a l  environmental  
i s s u e s  and on environmental  i s s u e s  a s  a  whole. Although t h e r e  is  
a wide and h i g h l y - s p e c i a l i z e d  l i t e r a t u r e  on environmental  i s s u e s ,  
t h i s  c h a p t e r  i s  based s o l e l y  on t h e  d i r e c t  exper ience  of  t h o s e  
p r e s e n t  a t  t h e  t a s k  f o r c e  meeting.  
2. I N D I V I D U A L  ENVIRONMENTAL ISSUES 
When examining i n d i v i d u a l  environmental  i s s u e s  two problems 
a r e  encountered:  ( a )  p r e d i c t i n g  t h e  s i z e  of any impact ,  and (b )  
a s s e s s i n g  t h e  importance of  t h i s .  The t echn iques  of  systems 
a n a l y s i s  a r e  d i r e c t l y  a p p l i c a b l e  when examining t h e  f i r s t  of  
t h e s e .  Thus, it i s  recognized t h a t  t h e r e  i s  a c l e a r  need f o r  a  
s u i t e  o f  t e c h n i c a l  models on such i s s u e s  a s  a i r  p o l l u t i o n ,  t r a n s -  
p o r t  and t r a f f i c  f l ows ,  d i r t  p roduc t ion ,  manpower requirements  
and subs idence .  Many of t h e s e  have a l r eady  been developed and 
s u c c e s s f u l l y  a p p l i e d  and no methodological  problems appear  t o  
have been encountered.  Th i s  c o n t r a s t s  w i t h  t h e  second problem-- 
t h e  impor tan t  of  t h e  impact--where f a r  l e s s  work i s  i n  ev idence .  
One example d e s c r i b e d a t  t h e  meeting i t s e l f  r e l a t e d  t o  IIASA's 
own r e s e a r c h  on l ong  term energy s t u d i e s .  This  work i n d i c a t e s  
an impor tan t  r o l e  f o r  s y n f u e l s  d e r i v e d  from c o a l  i n  t h e  f u t u r e ,  
a l though  environmental  c o n s i d e r a t i o n s  may a c t  a s  a  major con- 
s t r a i n t .  Th is  was because  i t  was a n t i c i p a t e d  t h a t  c o a l  w i l l  be 
conver ted  t o  v a r i o u s  s y n f u e l s  on t h e  mine s i t e ,  adding t o  t h e  
environmental  impact  of  t h e  mine t h e  impact o f  a  c o a l  convers ion  
p l a n t .  There was a  major r o l e  f o r  systems a n a l y s i s  i n  deve lop ing  
models t o  p r e d i c t  t h e  p o l l u t a n t s  produced and a l s o  t o  f o r e c a s t  
t h e  manning needs of  t h e  c o l l i e r y  and t h e  p l a n t  i t s e l f .  
Other  models were a l s o  d i s c u s s e d  and many have been f u l l  des-  
c r i b e d  i n  papers  ( f o r  i n s t a n c e :  E l ,  E 2 ) .  A l l  a r e  aimed a t  demon- 
s t r a t i n g  t h e  consequences of  planned mining a c t i v i t y .  T h e i r  use  
i s  bo th  i n t e r n a l ,  i n  t h e  i n d u s t r y ' s  own p lann ing  p r o c e s s ,  t h e  
e x t e r n a l ,  when d e a l i n g  w i t h  o u t s i d e  bod ie s .  T h e i r  need i s  par-  
t i c u l a r l y  impor tan t  when such a  range of  p o s s i b l e  d e t a i l e d  objec-  
t i o n s  e x i s t - - d e t a i l e d ,  c a r e f u l l y  c o n s t r u c t e d  models a r e  necessary  
t o  c a t e r  f o r  t h i s .  I t  i s  u s e f u l  t o  be  i n  a  p o s i t i o n  t o  demonstra te  
qu i ck ly  t h e  consequences,  i n c l u d i n g  t h e  f i n a n c i a l  ones ,  o f ,  f o r  
i n s t a n c e  changing a  planned s h a f t  l o c a t i o n  o r  s towing some propor-  
t i o n  of t h e  d i r t  produced o r  r e s t r i c t i n g  t h e  popu la t i on  i n f low  t o  
an a r e a .  Th i s  i s  a f i e l d  o f  growing importance f o r  t h e  systems 
a n a l y s t  and one i n  which t h e  models produced have r e a d i l y  proved 
t h e i r  worth.  
3. THE IMPACT ON THE ENVIRONMENT AS A WHOLE AND I T S  RELATIONSHIP 
TO ECONOMIC BENEFITS 
The va lue  o f  t h e  t y p e  of  model d e s c r i b e d  above can h a r d l y  be 
d i s p u t e d  b u t  what i s  f a r  less c l e a r  i s  how systems a n a l y s t s  shou ld  
approach t h e  problem of  r e l a t i n g  environmenta l  impacts  t o  economic 
b e n e f i t s .  C e r t a i n l y ,  t h e  systems a n a l y s t  can h e l p  t o  ensure  t h a t  
environmenta l  impacts  a r e  c o r r e c t l y  i d e n t i f i e d  and l o g i c a l l y  
ana lyzed ,  p a r t l y  through a  s e n s i b l e  c l a s s i f i c a t i o n  o f  t h o s e  i m -  
p a c t s  [ I  01 . But p r o g r e s s  beyond t h i s  p o i n t  seems t o  be very  
l i m i t e d  by t h e  methorlology s o  f a r  developed,  and t h e  l e v e l  o f  
s k i l l s  possessed  by sys tems a n a l y s t s  i n  t h i s  h i g h l y  s p e c i a l i z e d  
f i e l d .  
Regional  socio-economic models and i npu t -ou tpu t  a n a l y s i s  
a r e  used widely  i n  t h e  USA and t h e  USSR (E3) b u t  spasmodica l ly  
e l sewhere .  Poland,  though,  have s t a r t e d  such work and a r e  so lv -  
i n g  t h e  problems o f  e x p e r t i s e  by r e c r u i t i n g  s u i t a b l y  t r a i n e d  per-  
sonne l  from t h e  Minis t r y  o f  Admin i s t r a t i on .  These approaches  a r e  
p o t e n t i a l l y  ve ry  u s e f u l  i n  summarizing t h e  t o t a l  environmenta l  
impacts  o f  a  p lanned mining a c t i v i t y  b u t  s t o p  s h o r t  o f  any t r a d e -  
o f f  w i t h  t h e  economic b e n e f i t s  such a c t i v i t y  b r i n g s .  
Two approaches  were b r i e f l y  d i s c u s s e d  on how t h i s  might be  
done. Cost  B e n e f i t  Ana lys i s  (CBA) p u r p o r t s  t o  d e s c r i b e  and 
q u a n t i f y  t h e  economic and s o c i a l  advantages  and d i s advan t ages  o f  
a  p o l i c y  i n  t e r m s  of a  common monetary u n i t .  S ince  i t s  f i r s t  
a p p l i c a t i o n  ( E 4 )  i t s  h i s t o r y  ha s  been somewhat c o n t r o v e r s i a l  w i t h  
c r i t i c s  e i t h e r  doubt ing  t h e  l o g i c a l  p o s s i b i l i t y  o f  v a l u i n g  ou t -  
comes, t h e  m o r a l i t y  o f  s o  do ing  ( p a r t i c u l a r l y  on human l i f e )  o r  
t h e  concept  o f  a  va lue  f o r  s o c i e t y  when t h e  members o f  t h a t  
s o c i e t y  d i f f e r  s o  widely .  Advocates of CBA do n o t  d i s p u t e  t h e  
d i f f i c u l t i e s  b u t  a rgue  t h a t  i f  v a l u a t i o n s  a r e  n o t  a t t empted  on 
a  s c i e n t i f i c  b a s i s  t hey  w i l l  be made anyway b u t  s u b j e c t i v e l y  and 
perhaps  i r r a t i o n a l l y .  Decis ion a n a l y s i s  i s  r e l a t e d  t o  CBA b u t  
relies on a  t r a d e - o f f  between i n t a n g e a b l e s  r a t h e r  t han  a  f i r m  
v a l u a t i o n .  There a r e  r a t h e r  more examples of  u s ing  a  t r ade -o f f  
approach i n  c o a l  mining t h a n  t h e r e  a r e  o f  CBA, perhaps  because  o f  
t h i s  ( f o r  i n s t a n c e ,  E5, E 6 ) .  The s i e v e  a n a l y s i s ,  used i n  t h e  UK 
and d e s c r i b e d  i n  t h e  meet ing [I01 , where a r e a s  o f  l a n d  on a  g r i d  
squa re  b a s i s  a r e  e v a l u a t e d  and s co red  accord ing  t o  a  h o s t  o f  
environmenta l  f a c t o r s  t o  g i v e  a  c l e a r  i n d i c a t i o n  of  which a r e a s  
a r e  most and l e a s t  s a t i s f a c t o r y  from an environmenta l  p o i n t  of  
view, i s  an example of a  very  s imple  use  of  d e c i s i o n  a n a l y s i s .  
T h i s ,  however, makes no a t t e m p t  t o  r e l a t e  environmenta l  a t t r a c -  
t i v e n e s s  t o  mining a t t r a c t i v e n e s s .  
Apar t  from t h e  daun t ing  q u e s t i o n  o f  measuring economic and 
environmenta l  impac t s ,  t h e r e  seems a  c l e a r  r o l e  f o r  systems ana l -  
y s i s  i n  s imply c o n s t r u c t i n g  models t o  p rov ide  a  framework f o r  
i n t e . 1 l i g e n t  and informed deba t e .  These models cou ld  demonstra te  
t h e  consequences,  imp l i ed  v a l u a t i o n s  and perhaps  t h e  i n c o n s i s t e n -  
cies of  any l i n e  o f  argument. These need n o t  be  mathemat ica l ly  
s o p h i s t i c a t e d  b u t  must be  r a t i o n a l l y  and s c i e n t i f i c a l l y  c o n s t r u c t e d .  
4 .  SUP-WRY AND CONCLUSIONS 
1 .  Environmental f a c t o r s  a r e  i n c r e a s i n g l y  a f f e c t i n g  t h e  
p lanning  process  i n  t h e  mining i n d u s t r y ,  i n c r e a s i n g  t h e  
t i m e  and d e t a i l  involved i n  planning f o r  new capac i ty  
and a f f e c t i n g  t h e  economics o f  e x t r a c t i o n .  
2 .  To d a t e ,  t h e  c o n t r i b u t i o n  of systems a n a l y s i s  i n  t h i s  
f i e l d  is va luab le  b u t  r e s t r i c t e d .  Most e f f o r t  ha s  con- 
c e n t r a t e d  on t h e  development of  models which p r e d i c t  
t h e  environmental  consequences of  mining a c t i v i t y .  
3. F u r t h e r  work i s  necessary  on measuring t h e  importance 
of  any environmental  impact and on r e l a t i n g  environmental  
impacts a s  a  whole t o  t h e  economic b e n e f i t s  of t h e  
planned mining a c t i v i t y .  Some of t h i s  w i l l  be coal-  
s p e c i f i c  b u t  much can be l e a r n t  from r e s e a r c h  undertaken 
f o r  o t h e r  i n d u s t r i a l  a c t i v i t i e s .  
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CBAPTER V I  I--SUMMARY AND CONCLUSIONS 
It would b e  v e r y  s a t i s f a c t o r y  t o  c o n c l u d e  t h i s  p a p e r  w i t h  
a  summary s t a t e m e n t  o f  how p l a n n i n g  s h o u l d  b e  u n d e r t a k e n  w i t h i n  
t h e  d e e p  coal m i n i n g  i n d u s t r y ,  and  t h e  p r e c i s e  ro le  o f  s y s t e m s  
a n a l y s i s  w i t h i n  it. W e  are,  however ,  i n  no  p o s i t i o n  t o  do t h i s  
a n d  it i s  p r o b a b l y  n o t  d e s i r a b l e .  I t  i s  c e r t a i n l y  i n f e a s i b l e .  
The c u l t u r a l  a n d  o r g a n i z a t i o n a l  d i f f e r e n c e s  be tween  c o u n t r i e s  
are s u c h  t h a t  p r o c e d u r e s  c a n  h a r d l y  b e  common. I n  some i n d u s t r i e s  
t h e  a n a l y t i c a l  t eams  are embedded w i t h  t h e  i n d u s t r y ' s  management 
s t r u c t u r e ,  i n  some it i s  l a r g e l y  u n d e r t a k e n  i n  r e s e a r c h  u n i t s ,  and  
e l s e w h e r e  t h e  U n i v e r s i t i e s  may p l a y  a major role .  I t  i s  p e r h a p s  
r e m a r k a b l e  t h a t ,  d e s p i t e  t h e s e  d i f f e r e n c e s ,  t h e r e  w a s  a g r e a t  d e a l  
o f  common e x p e r i e n c e  a n d  a w a r e n e s s  o f  common p rob lems .  N o  c o u n t r y  
w a s  c l e a r l y  i n  t h e  l e a d  across t h e  b o a r d .  T h i s  concensus  t h e r e -  
f o r e  p r o v i d e s  a n  a l t e r n a t i v e - - t o  set  o u t  t h e  g e n e r a l  c o n c l u s i o n s  
i n  e a c h  c h a p t e r  as s t a t e m e n t  o f  where  w e  are,  and  a n  i n d i c a t i o n  
f o r  t h e  f u t u r e .  
RESERVES ASSESSMENT 
1 .  Sys tems  a n a l y s i s  h a s  c o n t r i b u t e d  s i g n i f i c a n t l y  i n  t h e  f i e l d  
o f  r e s e r v e s  a s s e s s m e n t ,  l a r g e l y  t h r o u g h  t h e  deve lopmen t  o f  
computer  s y s t e m s  which  assess r e s e r v e s  l i n k e d  t o  min ing  p l a n s  
and  r e l e v a n t  m a r k e t i n g  a n d  economic a s s u m p t i o n s .  
2 .  Work i s  n o t  so advanced  on t h e  e x a m i n a t i o n  o f  t h e  d i s c o n t i n u -  
o u s  p r o p e r t i e s  o f  r e s e r v e s  a s  on  t h e  c o n t i n u o u s  p r o p e r t i e s .  
3 .  A g r e a t e r  u n d e r s t a n d i n g  o f  t h e  knowledge p r o v i d e d  by e x p l o r a -  
t i o n  and  t h e  v a l u e  o f  s u c h  knowle6ge i s  n e c e s s a r y  b e f o r e  
s y s t e m s  a n a l y s i s  c a n  c o n t r i b u t e  s i g n i f i c a n t l y  i n  t h e  f i e l d  
o f  e x p l o r a t i o n  d e s i g n .  
M I N I N G  METHODS: EVALUATION 
1 .  Systems a n a l y s i s  h a s  e s t a b l i s h e d  a  major  c o n t r i b u t i o n  t o  
many problem a r e a s  i n  mining method evaluat ion-- f rom c o a l  
f a c e  d e s i g n  th rough  a l l  p roduc t i on  p r o c e s s e s  t o  c o a l  p r epa ra -  
t i o n .  There have been a  ve ry  wide number o f  a p p l i c a t i o n s ,  
a l t ho u g h  o f  c o u r s e  t h e  degree  o f  implementa t ion  s u c c e s s  i n  
each  p a r t i c u l a r  problem a r e a  v a r i e s  from coun t ry  t o  coun t ry .  
2 .  The t e c h n i q u e s  used va ry  by problem a r e a ,  b u t  d e s c r i p t i v e  
modeling and s i m u l a t i o n  models have ach ieved  most s i g n i f i c a n t  
s u c c e s s ,  e s p e c i a l l y  where emphasis  i s  p l a c e d  on s i m p l i c i t y  
and communicabi l i ty .  
3 .  The major  r e s e a r c h  a r e a  f o r  sys tems  a n a l y s i s  now is  i n  how 
t o  combine t h e  models o f  i n d i v i d u a l  subproblems wh i l e  main- 
t a i n i n g  t h e  advan tages  o f  communicabi l i ty .  
COMPARISON OF ALTERNATIVE TECHNOLOGIES 
1 .  A s t r o n g  w e l l - e s t a b l i s h e d  r o l e  f o r  sys tems a n a l y s i s  i n  eva lu -  
a t i n g  e v o l u t i o n a r y  changes t o  t e c h n o l o g i c a l  p r o c e s s e s  i s  
i d e n t i f i e d .  T h i s  c o n t r i b u t i o n  a p p l i e s  t o  a l l  l e v e l s  from 
e n g i n e e r i n g  a s se s sm en t ,  t o  sys tem c o m p a t i b i l i t y  assessment  
through t o  economic assessment .  A range  o f  t e chn iques  a r e  
a p p l i c a b l e ,  w i t h  s i m u l a t i o n  models be ing  p a r t i c u l a r l y  appro- 
p r i a t e .  
2 .  For  r e v o l u t i o n a r y  t e c h n o l o g i e s ,  t h e  sys tems a n a l y s i s  c o n t r i -  
b u t i o n  t o  d a t e  h a s  been less c l e a r  c u t .  A l l  t e c h n i q u e s  s u f -  
f e r  because  o f  t h e  problems o f  u n c e r t a i n t y ,  and t h e  amount 
o f  d e t a i l  r e q u i r e d  f o r  s i m u l a t i o n  models may obscu re  ob jec -  
t i v e s .  Because o f  t h e s e  r e a s o n s ,  sys tems a n a l y s i s  i s  o f t e n  
more u s e f u l  i n  r e j e c t i n g  new t e c h n o l o g i c a l  p a t h s ,  r a t h e r  
t h an  recommending them. 
3 .  Systems a n a l y s i s  h a s  n o t  y e t  s o l v e d  t h e  problem o f  i d e n t i f y -  
i n g  p o t e n t i a l l y  s u c c e s s f u l  t e c h n o l o g i e s  a t  e a r l y  s t a g e s .  
Consequently growth r a t e  p r e d i c t i o n s  a r e  hazardous .  
FINDING THE BEST M I N I N G  SOLUTION 
1 . I n  a t  l e a s t  f o u r  o f  t h e  major  c o a l  producing n a t i o n s ,  sys tems 
a n a l y s i s  i s  making a  major  p r a c t i c a l  c o n t r i b u t i o n  t o  dec i -  
s i o n s  a s  t o  optimum s i z e  and l o c a t i o n  o f  m i n e ( s )  f o r  new 
deep-mine p r o s p e c t s .  T h i s  c o n t r i b u t i o n  e x i s t s  o v e r  and above 
t h e  c o n t r i b u t i o n  t h a t  i s  made i n  i n d i v i d u a l  subproblem a r e a s .  
2 .  The c o n t r i b u t i o n  can a s s i s t  t h e  mine p l a n n e r  i n  many ways: 
e . 9 .  I 
( a )  i d e n t i f y i n g  i n t e r r e l a t i o n s h i p s  between subproblem a r e a s ,  
( b )  i d e n t i f y i n g  d i r e c t i o n  o f  i n fo rma t ion  f low between sub- 
problem a r e a s ,  
( c )  h i g h l i g h t i n g  t h e  i m p l i c a t i o n s  o f  u n c e r t a i n t y ,  
( d )  a l l o w i n g  t h e  c o n s i d e r a t i o n  o f  many more a l t e r n a t i v e s  
t h a n  i s  p o s s i b l e  by t r a d i t i o n a l  methods, 
(e)  a s s i s t i n g  i n  t h e  r a t i o n a l  c h o i c e  and a p p l i c a t i o n  o f  d i f -  
f e r e n t  d e c i s i o n  c r i t e r i a  a t  s u c c e s s i v e  s t a g e s .  
3. There  e x i s t  many unsolved d i f f i c u l t i e s  connec ted  w i t h  such 
a s s i s t a n c e .  The t r e a t m e n t  o f  t h e s e  d i f f i c u l t i e s  does and 
w i l l  d i f f e r  w i t h  n a t i o n a l  custom and p r a c t i c e .  F u r t h e r  
t h e o r e t i c a l  r e s e a r c h ,  and more i m p o r t a n t l y  f u r t h e r  i n t e r n a -  
t i o n a l  exchange o f  p r a c t i c a l  expe r i ence  i n  new mine p l ann ing  
a s  t h i s  e x p e r i e n c e  accumula tes ,  w i l l  a s s i s t  sys tems a n a l y s t s  
i n  improving t h e  r e s o l u t i o n  o f  t h e s e  d i f f i c u l t i e s  w i t h i n  
t h e i r  n a t i o n a l  m i l i e u .  
ENVIRONMENTAL FACTORS AND THEIR RELATIONSHIP TO THE BEST M I N I N G  
SOLUTION 
1 .  Environmenta l  f a c t o r s  a r e  i n c r e a s i n g l y  a f f e c t i n g  t h e  p l ann ing  
p r o c e s s  i n  t h e  mining i n d u s t r y ,  i n c r e a s i n g  t h e  t i m e  and de- 
t a i l  i n v o l v ed  i n  p l a n n i n g  f o r  new c a p a c i t y  and a f f e c t i n g  
t h e  economics o f  e x t r a c t i o n .  
2 .  To d a t e ,  t h e  c o n t r i b u t i o n  o f  sys tems a n a l y s i s  i n  t h i s  f i e l d  
i s  v a l u a b l e  b u t  r e s t r i c t e d .  Most e f f o r t  h a s  c o n c e n t r a t e d  on 
t h e  development o f  models which p r e d i c t  t h e  env i ronmenta l  
consequences o f  mining a c t i v i t y .  
3. F u r t h e r  work i s  n e c e s s a r y  on measuring t h e  impor tance  o f  any 
env i ronmenta l  impact  and on r e l a t i n g  env i ronmenta l  impac t s  
a s  a  whole t o  t h e  economic b e n e f i t s  o f  t h e  p lanned mining 
a c t i v i t y .  Some o f  t h i s  w i l l  be c o a l - s p e c i f i c  b u t  much can 
be l e a r n t  from r e s e a r c h  under taken  f o r  o t h e r  i n d u s t r i a l  
a c t i v i t i e s .  
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TENTATIVE AGENDA APPENDIX A 
COAL--PLANNING FOR PLANNING TASK FORCE MEETING 
Seminar Room, I IASA, Laxenburg, Aust r ia ,  24-27 November 1980 
This t e n t a t i v e  agenda i s  f o r  a Task Force Meeting on t h e  Use o f  Operat ional 
Research and Systems Analys is  i n  New Capacity Planning f o r  t h e  Deep Mining 
o f  Hard Coal. 
MONDAY, NOVEMBER 24 
08.30 R e g i s t r a t i o n  
09.00 I n t r o d u c t i o n  and We1 come--A1 ec Lee, Area Chairman, Management and 
Techno1 ogy Area 
09.30 Reserves Assessment 
Topics i n c l  ude: i ) The design o f  expl o r a t i o n  s t r a t e g i e s  
i i ) Est imat ion  from given e x p l o r a t i o n  
iii ) The c a l c u l a t i o n  o f  reserves 
(1 0.30 Coffee Break) 
12.30 LUNCH 
14.00 Min ing  Methods--Evaluation/Layout Assessment 
Topics inc lude:  i ) Selec t ion  o f  min ing s t r a t e g i e s  
i i )  Opt imiza t ion  o f  a given s t ra tegy  
(15.30 Tea Break) 
17.30 Depart t o  Heur iger  
TUESDAY, NOVEMBER 25 
09.00 Man~ower Reaui rements 
Topics inc lude:  i )  P r o d u c t i v i t y  fo recas t ing  
ii ) Numbers and s k i 1  1s o f  men requ i red  
i i i )  Recruitment and t r a i n i n g  programs 
(10.30 Coffee Break) 
12.30 LUNCH 
14.00 Comparison o f  A1 t e r n a t i  ve Technologies ( w i t h  p a r t i c u l a r  reference t o  
new techno1 ogies ) 
Topi cs i n c l  ude : i ) Techno1 ogy assessment o f  a1 t e r n a t i  ve equi pments 
o r  min ing systems 
ii ) E f f e c t  on whole opera t ion  o f  mine (system 
e f f e c t s )  
i i i )  Problems o f  i n t r o d u c t i o n  and innova t ion  
(15.30 Tea Break) 
17.30 Return t o  Hote ls  
WEDNESDAY, NOVEMBER 26 
09.00 F ind ing t h e  Best Min ing Sol u t i on ,  Taking Uncer ta in ty  I n t o  Account 
Topics i n c l  ude: i ) The i n t e r - r e 1  a t i o n  o f  f a c t o r s  a1 ready considered 
i i )  Es tab l i sh ing  t h e  u n c e r t a i n t i e s  associated w i t h  
these f a c t o r s  
i ii ) Determining methods f o r  reducing u n c e r t a i n t y  
i v )  Planning t o  a l l o w  f o r  unavoidable uncer ta in ty  
(10.30 Coffee Break) 
12.30 LUNCH 
14.00 No f i x e d  program. 
This t ime  has been l e f t  f r e e  f o r  f u r t h e r  d iscussion on t o p i c s  o f  
p a r t i c u l a r  i n t e r e s t ,  and f o r  i n d i v i d u a l  d iscussions w i t h  t h e  
rapporteurs.  It i s  hoped t h a t  p a r t i c i p a n t s  w i  11 1 eave themsel ves 
f r e e  f o r  poss ib le  meetings t o  be arranged t h a t  morning. 
(15.30 Tea Break) 
17.30 Return t o  Ho te l s  
THURSDAY, NOVEMBER 27 
09.00 
S o l u t i o n  
Topics inc lude:  i )  Impact o f  min ing on the  na t iona l  environment 
i i )  Impact o f  mining on t h e  l o c a l  economic i n f r a -  
s t r u c t u r e  
i ii ) Reconcil i a t i o n  o f  i n t e r n a l  and ex terna l  f a c t o r s  
f o r  s i t e  s e l e c t i o n  
(10.30 Coffee Break) 
12.30 LUNCH 
14.00 Concl ud ing Discussion 
16.00 Close o f  Meeting 
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P r o f .  R.V. Ramani 
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USA 
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Argonne Nat iona l  Labora to ry  Deputy D i r e c t o r  
9700 South Cass Avenue A1 1  -Union Research I n s t i t u t e  o f  Coal 
Argonne, I l l i n o i s  60439 I n d u s t r y  Management 
USA Moscow 
USSR 
Mr. M. Hancock 
Operat ional  Research Execu t i  ve M r .  M. Sadn ick i  
Na t i ona l  Coal Board Opera t iona l  Research Execu t i ve  
Co leor ton  Hal 1  Na t i ona l  Coal Board 
Col eo r t on  Coal House 
L e i c e s t e r  LE6 4FA Lyon Road, Harrow 
Un i t ed  K i  ngdom Middlesex HA1 2EX 
Un i t ed  Kingdom 
Dr. J. Stachowicz 
Vice D i r e c t o r  f o r  S c i e n t i f i c  A c t i v i t y  
I n s t i t u t e  f o r  Organ iza t ion  and 
Management Problems 
Pol i sh Academy o f  Sci ences 
p l  . Kosci uszki  9  
41 -902 Bytom 
Pol and 
Dip1 .-Ing. G. Suet in  
Chief ,  Sect ion o f  S t a t i s t i c a l  
Analys is  
Central  Research I n s t i t u t e  o f  Economics 
& S c i e n t i f i c  & Technical In fo rmat ion  




Pro f .  R. C . To1111 i nson 
School o f  I n d u s t r i a l  and Business 
Studies 
U n i v e r s i t y  o f  Warwi ck 
Coventry CV4 7AL 
Un i ted  Kingdom 
Prof .  Dr. F.L. Wilke 
Lehrstuhl  Bergbauplanung 
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